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ABSTRACT
DRAINMOD-CREAMS model was used to simulate surface runoff and 
sediment loss from subsurface drained plot and non-subsurface drained plot in 
southern Louisiana. Seven years (1981-1987) of recorded data were used in 
this study. In general, the performance of the model in simulating surface runoff 
and sediment loss from subsurface drained plot is satisfactory. However, the 
DRAINMOD-CREAMS model did not simulate surface runoff and sediment loss 
accurately from non-subsurface drained plot. The CREAMS nutrient submodel 
was also tested on both plots. The CREAMS model seriously overestimates the 
nitrogen loss from non-subsurface drained plot.
The sensitivity of the DRAINMOD-CREAMS model on erodibility value and 
erosivity was tested. Results showed that the model was not sensitive to the 
erodibility value and only moderately sensitive to erosivity.
The CREAMS nutrient submodel was modified to account for high soil 
moisture conditions by incorporating a water function in denitrification algorithm. 
The modified submodel was incorporated into the DRAINMOD-CREAMS model. 
The resulting model is called the Modified DRAINMOD-CREAMS model. The 
modified model can be used to simulate surface runoff, sediment loss, and 
nitrogen loss from subsurface drained plot. Evaluating the performance of the 
Modified DRAINMOD-CREAMS model showed that the model significantly 
improves the prediction of the nitrogen loss from non-subsurface drained plot.
xx
CHAPTER 1 
INTRODUCTION
Statement of the Problem
Chemical fertilizers and pesticides are applied to agricultural land to 
maintain quality and a high level of production. These chemicals may become 
pollutants when they are transported away from their place of application. 
Present evidence indicates that nitrogen and phosphorus are the principal 
nutrient pollutants from agricultural lands (Frere et al., 1980).
Rising concerns regarding the effects of agricultural management practices 
on the environment and the increasing capabilities of computers, have prompted 
the development of complex mathematical models for evaluating such effects.
DRAINMOD model was developed for shallow water table soils to describe 
the performances of various water management alternatives (Skaggs, 1978). 
DRAINMOD is based upon a water balance within the soil profile at a position 
midway between drain lines, and requires climatological, soil, crop, and drainage 
system information as model inputs. The model predicts the water table depth 
below the soil surface, soil-water content, evapotranspiration, surface runoff, 
and subsurface drainage volume on a daily basis.
CREAMS model (Chemicals, Runoff, and Erosion From Agricultural 
Management Systems) was developed by a team of USDA-ARS scientists to 
simulate the effects of management systems on nonpoint source water pollution
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(Knisel et al., 1980). The model consists of three components which describe 
field hydrology, erosion and sedimentation, and chemistry. The chemistry 
component contains the plant nutrients submodel as well as the pesticide 
submodel. The nutrient submodel estimates the nitrogen and phosphorus 
losses from fields.
Previous research has shown that the DRAINMOD model simulates surface 
runoff more accurately than the CREAMS model (Bengtson and Carter, 1983). 
Therefore, Parson and Skaggs (1988) replaced the CREAMS hydrology 
component with DRAINMOD (version 4.0) and modified DRAINMOD to create 
a pass file of hydrologic parameters for input to the CREAMS erosion 
component. The resulting model is called the DRAINMOD-CREAMS model.
The strategy of this study is to modify the DRAINMOD-CREAMS model to 
create a pass file of sediment parameters for input to the CREAMS nutrient 
component.
Objectives
The objectives of this study were:
1. Evaluate the capability of the DRAINMOD-CREAMS model to simulate 
surface runoff and soil erosion from a flat agricultural field with a 
fluctuating water table.
2. To modify the erosion submodel to improve the prediction of the
DRAINMOD-CREAMS model.
3. Evaluate the capability of the CREAMS nutrient submodel to simulate the 
nitrogen loss from a flat agricultural field with a fluctuating water table.
4. To modify the CREAMS nutrient submodel to improve the prediction of 
the Nitrogen loss.
5. To incorporate into the DRAINMOD-CREAMS model a modified nutrient 
submodel.
6. Evaluate the capability of the modified DRAINMOD-CREAMS model to 
simulate nitrogen loss from a flat agricultural field with a fluctuating water 
table.
Scope of Investigation
This study was conducted on two rectangular watersheds in southern 
Louisiana (Plot E and Plot G). Plot E (1.5) was surface drained and contained 
subsurface drainage tubing 1 m deep, spaced 20 m apart, and installed on a 
grade of 0.1 percent. Plot G (1.6 ha) was surface drained only by a 1 m deep 
ditch on the edge of the plot. The type of vegetation was predominantly silage 
corn that grew on Commerce clays loam soil. Records of temperature, 
precipitation, observed runoff, observed sediment loss, and observed nitrogen 
loss were used to conduct the study. The characteristics used in this study to 
describe the watershed and soil were obtained from literature (Fouss et al., 
1987 and Rogers et al., 1985).
The DRAINMOD-CREAMS model and the CREAMS Nutrient Submodel
were applied to both plots. A linear regression analysis was used to determine 
the closeness of the observed and simulated surface runoff, sediment loss, and 
Nitrogen loss values. The CREAMS nutrient submodel was modified by 
incorporating the water function in the denitrification algorithm. The modified 
CREAMS nutrient submodel was incorporated into the DRAINMOD-CREAMS 
model. This model is called the Modified DRAINMOD-CREAMS model. The 
capability of the modified DRAINMOD-CREAMS model to simulate the nitrogen 
loss was tested on the two plots.
CHAPTER 2 
REVIEW OF LITERATURE
Soil Nitrogen
Nitrogen is a unique plant nutrient because, unlike the other essential 
nutrient elements, plants can use it in either the cation form, ammonium (NH4+), 
or the anion form, nitrate (N03'). Nitrate nitrogen is easily leached, and both 
nitrate and ammonium forms may be consumed by microorganisms or 
converted to gaseous nitrogen forms (N2 or NH3, respectively) and lost to the 
atmosphere from whence they came.
A major source of soil nitrogen comes from nitrogen fixation (Figure 1), a 
microbial action in which nitrogen is taken from the soil air and changed into 
forms used by the plants. Nitrogen fixation by microorganisms is of two types: 
symbiotic and nonsymbiotic.
Symbiosis denotes the cohabitation of two unrelated organisms which 
mutually benefit from the close association. In the case of nitrogen fixation, the 
invasion of roots of the host plant (mostly legumes) by a micro-organism (the 
endophyte) culminates in the formation of a nodule in which carbohydrate is 
supplied to the endophyte and the amino acids formed from the reduced N are 
made available to the host. Symbiotic fixation of nitrogen by legume bacteria 
can add 50 to 280 kg/ha of nitrogen (Donahue et al., 1977).
In free or nonsymbiotic fixation, specific type of microorganisms (certain
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bacteria and blue-green algae microorganisms), which exist independently in 
soil and in water, convert nitrogen into body tissue nitrogen forms and then 
release it for plant use when they die and are decomposed. Nitrogen fixed by 
nonsymbiosis varies from a few kg/ha to 112 kg/ha with 28 kg/ha as an average 
(Donahue et al. 1S77).
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Figure 1. The nitrogen cycle (After Donahue et al., 1977)
The portion of cycle in which organic matter is decomposed and inorganic 
ions are released is called mineralization. The bacteria involved are 
Pseudomonas, Bacillus, Clostridium, Serratia, and Micrococcus. When soil 
organic matter is decomposed, nitrogen is released as the usable nutrient ion,
ammonium. The decomposition rate is fastest in warm, well-aerated, moist 
soils, such as in sands in summer, and is slower in clays in the cool spring.
Mineralization has been observed to be greater in neutral soils than in acidic 
soils, although rates vary from soil to soil. Some studies also have shown that 
the addition of inorganic nitrogen can enhance the mineralization of organic 
matter (Alexander, 1977). Mineralization occurs more rapidly in soils that 
experience alternate periods or wetting and drying than in soils that remain 
continuously wet or dry. The longer the dry period, the greater the 
mineralization during the next wet period (Alexander, 1977).
The reverse process, in which inorganic ions are converted to organic forms, 
is called immobilization. In the long run these two processes must balance, but 
in the short run one or the other may dominate for a time. Immobilization is the 
use or reuse of soluble nitrogen (mostly NH4+ and N03‘) by plants or microbes 
(such as bacteria, fungi, algae).
Mineralized ammonium ions have a short lifetime. Some are adsorbed 
temporarily to the negatively charged surfaces of clay or organic particles; 
others are used directly by plants. Eventually, most of the ammonium ions are 
oxidized by selective bacteria (Nitrosomonas and Nitrobacter, particularly) to the 
nitrate form. This oxidation of ammonium cations to nitrate anions by bacteria 
is called nitrification. Nitrification is a two-stage oxidation process in which 
ammonia is oxidized to nitrite (N02') and nitrite to nitrate:
2NH4+ + 302 --> 2N02' + 2H20  + 4H+ + energy 
2N02' + 0 2 --> 2N03' + energy
(1)
(2)
Nitrate is the most readily leached form of nitrogen. Both ammonium and 
nitrate ions are very soluble in water, but the positively charged ammonium ions 
are held to cation exchange sites and resists leaching. Leaching losses are 
increased as the quantities of percolating water increase and when there is little 
or no growing crop cover to use the nitrates as rapidly as they are produced by 
nitrification.
Soil nitrogen also can be lost through two mechanisms producing gaseous 
forms that escape into the atmosphere-denitrification and ammonia volatilization. 
The most extensive gaseous loss is by denitrification, the change by bacteria 
(Psuedomonas, Bacillus, Paracoccus, and Thiobacillus denitrificans) of nitrate 
to nitrogen gas or its oxides (N2 and N20  mostly) through the pathway:
Denitrification usually occurs when poor aeration limits the amount of free 
oxygen in the soil; bacteria are then forced to use the oxygen of the nitrate ion 
(N03) for their needs, leaving the nitrogen and nitrous oxide (NaO) residue to 
volatilize and so move from the soil into the ambient atmosphere.
Van Cleemput (1971) found that wet soil lost nitrates rapidly producing 
gaseous nitrogen in alkaline soils and nitrogen oxides in acid soils. Losses by
2N03' + 10H ~> N2 + 4H20  + 2 0 H' 
2N02' + 6H ->  N2 + 2H20  + 20H" 
N20  + 2H ->  N2 + H20
(3)
(4)
(5)
denitrification are not thought to be very large in well-drained soils. They may 
be fully offset by natural nitrogen fixation by lightning and by certain microbes. 
In wet area, however, denitrification losses may be quite high. Denitrification 
losses can often be drastically reduced by improved soil drainage.
Apart from an availability of nitrite and nitrate, five environmental factors 
control the rate and magnitude of denitrification in soil: (1) moisture content, (2) 
oxygen concentration, (3) temperature, (4) Ph and (5) a source of carbon.
The rate of denitrification is far more slow in soils low in carbon than in land 
that is rich in organic matter. Oxygen availability is another of the critical 
environmental determinants. Denitrification proceeds only when the oxygen 
supply is insufficient to satisfy the microbiological demand. The effect of 
moisture content is attributed to its role in governing the diffusion of oxygen to 
sites of microbiological activity. Denitrification is markedly affected by 
temperature. The transformation proceeds slowly at 2°C, but increasing the 
temperature enhances the rate of biological loss. The optimum for the reaction 
is at 25°C and above (Alexander, 1978).
Ammonia volatilization losses occur when ammonium is in an alkaline 
solution. The greatest losses occur from surface applications of any ammonium 
or urea fertilizer on high carbonate content soils. Small losses of ammonia also 
occur on unfertilized soils. Ammonia volatilization losses from applied 
ammonium or urea fertilizers can be as much as 30 percent but usually are less 
than 10 percent (Donahue et al., 1977).
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Soil Erosion
Soil erosion is a two-phase process consisting of the detachment of 
individual particles from the soil mass and their transport by erosive agents such 
as running water and wind. When sufficient energy is no longer available to 
transport the particles a third phase, deposition, occurs.
Erosion is one of the most serious agricultural problems in the world. It is 
a primary source of sediments that pollutes streams and fills reservoirs. Erosion 
also adds to the removal of valuable plant nutrients lost with runoff. The major 
variables affecting soil erosion are climate, soil, vegetation, and topography. Of 
these the vegetation and to some extent the soil may be controlled. The 
climatic factors and the topographic factors, except slope length, are beyond the 
power of man to control (Schwab, 1966).
All erosion models try to simulate the movement of sediment on a field or 
watershed (Bingner, 1990). The Universal Soil Loss Equation (USLE) is an 
erosion model designed to predict the longtime average soil losses in runoff 
from specific field areas in specified cropping and management systems 
(Wischmeier and Smith, 1965). Generally, it should not be used to estimate soil 
loss for specific storm events or time periods. The USLE equation is expressed 
as:
A = RKCPSL (6)
where,
A = estimated soil loss (ton/acre),
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R = rainfall and runoff factor (100 of ft-ton-in/ 
acre-hour-year),
K = soil erodibility factor (ton-acre-hour/100 of acre-ft-ton-in),
C = cover and management factor (dimensionless),
P = support practice factor (dimensionless),
S = slope steepness factor (dimensionless), and 
L = slope length factor (dimensionless).
The USLE, an empirical equation based on more than 10,000 plot years of 
data, is widely used and each of the factors has been determined for many soils 
and situations throughout the United States. Williams (1975) modified the USLE 
(MUSLE) by replacing the rainfall and runoff factor with an empirically derived 
term based only on flow characteristics for a particular storm event. The 
MUSLE increases sediment yield prediction accuracy, eliminates the need for 
delivery ratio, and is applicable to individual storms (Williams and Berndt, 1977). 
The MUSLE is expressed as:
G = 95(Qqp)056KCPLS/A (7)
where,
K, C, P, S, L = USLE factors,
G = the sediment yield from an individual storm (ton/acre),
Q = runoff volume (ac-ft), 
qp = peak flow rate (cfs), and 
A = drainage area (acre).
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The USLE and MUSLE represent the two extremes with regard to energy 
required to initiate detachment, in that one utilizes rainfall energy entirely and 
the other runoff entirely.
Mutchler and Carter (1982) conducted a study in Mississippi and Minnesota 
to determine the value of soil erodibility factor (K of the Universal Soil Loss 
Equation). Their study shows that the K-value varies throughout the year. For 
the Mississippi data, they found that the K-value varied from a high of 169% of 
annual average K on February 4 to a low of 31% of annual average on August 
5.
Wall et al. (1988) reported that for the climatic conditions of southwestern 
Ontario soil erodibility varies seasonally and the magnitude of the seasonal 
variation varies with soil texture. Highest erodibility values under both natural 
and simulated situations occurred during late winter-spring thaw (typically 
March) and the lowest erodibility values occurred during the summer months 
(July-August).
Description of the DRAINMOD Model
The water management simulation model, DRAINMOD, was developed at 
North Carolina State University for shallow water table soils. The model was 
developed for design and evaluation of multicomponent water management 
systems which could include facilities for subsurface drainage, surface drainage, 
subirrigation and sprinkler irrigation (Skaggs, 1978).
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The model is a computer simulation program which predicts on an hour-by- 
hour, day-by-day basis the water table position, soil water content, 
evapotranspiration, drainage, and surface runoff for given climatological data, 
soil and crop properties, and water management system design parameters.
The model is based on a water balance for a thin section of soil of unit 
surface area which extends from the impermeable layer to the surface and is 
located midway between adjacent drains (Figure 2). The water balance for a 
time increment of At may be expressed as,
AVa = D + ET + DS - F (8)
where,
AVa = the change in air volume (cm) in the section,
D = drainage (cm) from the section,
DS = deep seepage (cm),
ET = evapotranspiration (cm), and
F = infiltration (cm) entering the section.
The amount of runoff and storage on the surface is computed from a water
balance at the soil surface for each time increment which may be written as,
P = F + AS +RO (9)
where,
P = precipitation (cm),
F = infiltration (cm),
AS = change in volume of water stored on the surface (cm), and 
RO = runoff (cm).
14
RAINFALL OR ET
0EPRE5S10N STORAGE ,S RUNOFF {ROJ
SOIL SURFACE INFILTRATION (F)
 nPAINAGE
Z ^S U B I"SUB RRIGATION
WATER TABLE
i  iJ 77/  ) t J i f  / / H  i * / * i f )  / f  J J £/ / £/ /  f  J \  \ • 11* ) f * / f  }
RESTRICTIVE LAYER ilDEEP SEEPAGE (DS)
Figure 2. Schematic of the water management system with subsurface 
drains that may be used for drainage or subirrigation (After 
Skaggs, 1980).
The model is composed of a number of separate components which 
evaluate the various mechanisms of soil water movement and storage. The 
major components used in the model are: precipitation, infiltration, surface 
drainage, subsurface drainage, subirrigation, evapotranspiration, soil water 
distribution, and rooting depth. This chapter provides a brief description of each 
of these components; however, for details, one need to refers to the 
DRAINMOD model manual (Skaggs, 1980).
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1. Precipitation
Precipitation records are one of the major inputs to DRAINMOD model. 
Hourly rainfall records are used in the model to increase accuracy of predictions 
for infiltration, runoff, and surface storage.
2. Infiltration
Infiltration is described as the movement of water through the soil surface 
into the soil profile under the influence of gravity and capillarity. It is affected 
by soil factors such as hydraulic conductivity, initial water content, surface 
compaction, depth of profile, water table depth, plant factors such as extent of 
cover and depth of root zone, and rainfall factors such as intensity, duration, 
and time distribution. Several approximate equations were developed to predict 
the infiltration such as Green and Ampt (1911), Horton (1939), Philip (1957), 
and Holtan, et al. (1967). The model uses the Green and Ampt equation to 
characterize infiltration as,
f = A/F + B (10)
in which
A = Ks * Md * Sav and 
13 = 1^
where,
f = infiltration rate (cm/hr),
F = accumulative infiltration (cm),
Ks = hydraulic conductivity (cm/hr),
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Md = the difference between final and initial volumetric water 
contents (cm3/cm3), and 
Sav = effective suction at the wetting front (cm).
3. Surface drainage
Surface drainage is characterized by the average depth of depression 
storage that must be filled before runoff can begin. When the surface storage 
depth as determined by equation 9 exceeds this value, the additional excess is 
allotted to surface runoff.
4. Subsurface drainage
The rate of subsurface water movement into drain tubes or ditches depends 
on the hydraulic conductivity of the soil, drain spacing and depth, profile depth 
and water table elevation. The DRAINMOD model uses either the Hooghoudt’s 
or the Kirkham’s equation in calculating the flux, depending on whether the 
water table is at the surface and water is ponding or not. When the water table 
is below the surface, DRAINMOD uses Houghoudt’s steady state equation, 
q = (8*K*d0*m + 4*K*m2)/L2 (11)
where,
q = flux in cm/hr,
m = midpoint water table height above the drain (cm),
K = the equivalent lateral hydraulic conductivity (cm/hr), 
de = the equivalent depth from the drains to the impermeable 
layer (cm), and
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L = the distance between drains (cm).
When the water table completely inundates the surface with ponded water, 
the Hooghoudt equation for predicting drainage flux is inadequate as it assumes 
a curved (elliptical) water table completely below the soil surface except at the 
midpoint where it may be coincident with the surface. Therefore, at inundation 
the drainage flux is calculated using an equation derived by Kirkham (1957),
4 ir K ( t + b - r )
q =  ® £_  (12)
G L
in which
G = 2 I n [ tan (C (2 b -r ) /4 h  -j + 2 f  lji[cosh ([m L/2h) + cos C [r/2h)
tan ( [ r /4 h )  m=l cosh ([m L/2h) -  cos ( [ r /2 h )
• cosh ([m L/2h) -  cos ([.(2d -  r ) /2 h ) j  
cosh ([m L/2h) + cos ( [ (2 d  -  r ) /2 h )
where,
K, = equivalent lateral hydraulic conductivity (cm/h),
h = actual depth of the profile (cm),
t = depth of the water on the surface (cm),
d = the actual depth from the drain to the impermeable layer (cm),
b.= the depth from the surface to the drain (cm), and
L = the drain spacing (cm).
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5. Evapotranspiration
The term evapotranspiration is used to describe the total process of water 
transfer into the atmosphere from vegetated land surfaces. Potential 
evapotranspiration is the evaporation from an extended surface of a short green 
crop which fully shades the ground, exerts little or negligible resistance to the 
flow of water, and is always well supplied with water (Rosenberg et al., 1983).
Potential evapotranspiration depends on climatological factors which include 
net radiation, temperature, humidity and wind velocity. Evapotranspiration can 
be estimated by using several methods such asThornthwaite, Balaney-Criddle, 
Jensen-Haise, Penman, and Van Bavel. The method selected for use in the 
model was the method developed by Thornthwaite (1948),
PET = 1.6 (10T/I)a (13)
where,
PET = total monthly potential evapotranspiration (cm),
T = the mean temperature of the month of measurement (°C),
I = heat index derived from the sum of 12 monthly index value, i 
i = (T/5)1-514, and
a = 6.75X10'7I3-7.71 X10"5I2+1.79X10'2l+0.49
Data Output from the DRAINMOD Model
The user requests the form of output depending upon his needs. Options 
include:
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i) Annual rankings only
ii) Yearly and rankings
iii) Monthly, yearly and rankings
iv) Daily, monthly, yearly and rankings.
Annual rankings given on amount of soil excess water (SEW), days when 
soil moisture conditions do not satisfy potential evapotranspiration needs (DRY 
DAYS), amount of irrigation (IRRI), and relative yield (REL YLD). Option 2 
provides user with annual value of rainfall, infiltration, evapotranspiration, 
drainage, surface runoff, dry day, number of days available for tillage, SEW, 
amount of water pumped by subirrigation, and also the annual rankings as 
available in option 1. The user can get more detail output by selecting option 
3 or option 4. The same output data as in option 2 are printed in option 3 and 
option 4, except the values are printed on monthly and daily basis, respectively. 
The model also will store in a file the simulated daily water table depth, if 
requested. Later, this file can be used to graph the observed vs. simulated 
daily water table depth.
Previous Research on the DRAINMOD model
Skaggs et al. (1981) evaluated the DRAINMOD model for North Central 
Ohio conditions by comparing predicted with measured drainage volumes for 
field plots with surface drainage alone, subsurface drainage alone and for 
combination plots with both surface and subsurface drainage. They found that
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predicted surface runoff and subsurface drainage volumes were in good 
agreement with measured values for all three drainage treatments.
Skaggs (1982) tested the performance of the DRAINMOD model for 
predicting water table elevations in North Carolina. He found that predicted and 
measured water table elevations were in satisfactory agreement with standard 
errors of estimate of the daily water table depths ranging from 7.5 to 19.6 cm. 
Based on the results of the study he concluded that DRAINMOD model can be 
used to predict the effect of drainage system design on water table elevations.
Fouss et al. (1987) used the DRAINMOD model to simulate the subsurface 
drainage on a 4.4 ha watershed in the Lower Mississippi Valley. Predicted 
runoff, subsurface drain flow, and water table depth fluctuation compared more 
closely with field observed values during a year when frequent rainfall events 
caused the water table to rise into the root zone (within 30 cm of the soil 
surface).
Rogers (1985) evaluated the DRAINMOD model for the sandy soil 
conditions of South Central Florida by comparing predicted with measured drain 
outflows and water table elevations for 10 years of record. The model was 
modified to improve drain outflow. With the improved drain outflow prediction, 
annual and monthly evapotranspiration values were satisfactorily predicted.
Parson and Skaggs (1988) modified the DRAINMOD model to create a pass 
file of hydrologic parameters for input to the CREAMS erosion component. 
They analyzed the effects of drainage, controlled drainage, and subirrigation on
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soil erosion by varying drain spacing for North Carolina climatic conditions. 
They concluded that the effects of water management system design and 
management on both production and water quality goals can be analyzed using 
simulation models.
Sanoja et al. (1990) used four years of field data to test the performance of 
the DRAINMOD model to predict the daily tile flows and water table elevations 
for Nicollet Silt Loam and Kenyon Loam soils of Iowa. They found that 
predicted water table depths and tile flow rates were in agreement with the 
measured values for all four years. The average deviation and standard error 
for the comparison of predicted and measured water table depths ranged from 
8.40 to 18.61 cm and 10.14 to 21.65 cm, respectively.
Description of the CREAMS model
CREAMS (Chemical, Runoff, and Erosion from Agricultural Management 
Systems) model was developed by a team of USDA-ARS scientists to simulate 
the effect of management systems on nonpoint source water pollution (Knisel 
et al., 1980). The model consists of three components which describe field 
hydrology, erosion and sedimentation, and chemistry.
The hydrology component estimates runoff volume and peak rate, infiltration, 
evapotranspirantion, soil water content, and percolation on a daily basis. The 
erosion component estimates erosion and sediment yield including particle 
distribution at the edge of the field on a daily basis. The chemistry component
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include elements for plant nutrients and pesticides. Stormloads and average 
concentrations of sediment-associated and dissolved chemicals in the runoff, 
sediment, and percolate fractions are estimated.
1. Field hydrology
The hydrology submodel is based on water balance at the surface. Water 
movement through the profile to a water table or to subsurface drains or an 
open ditch is not considered. The model includes models for infiltration, soil 
water movement, and evapotraspiration between storms. It is a continuous 
simulation model using a day as the time step for evaporation and soil water 
movement between storms, and using shorter time increments dictated by 
available rainfall records during storms.
This component consists of two options, depending on the availability of 
rainfall data. Option 1 estimates storm runoff using SCS (Soil Conservation 
Service) curve number when only daily rainfall data are available. If hourly or 
breakpoint rainfall data are available, Option 2 estimates storm runoff by an 
infiltration-based method.
2. Erosion and sedimentation
The erosion component considers the basic processes of soil detachment, 
transport, and deposition. The concept of the model is that sediment load is 
controlled by lesser transport capacity or the amount of sediment available for 
transport. If sediment load is less than transport capacity, detachment by flow 
may occur, whereas deposition occurs if sediment load exceeds transport
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capacity. The model represents a field comprehensively by considering 
overland flow over complex slope shapes, concentrated channel flow, and small 
impoundments or ponds. The model estimates the distribution of sediment 
particles transported as primary particles-sand, silt, and clay-and as large and 
small aggregates, which are conglomerates of primary particles.
Detachment is described by a modification of the USLE (Foster et al., 1977) 
for a single storm event.
Dli = 0.210 El (s+0.014) KCP <Op/Vu) (14)
DFr = 37983 mVu0p1/3(x/72.6)m'1 s2 KCP (op/Vu) (15)
where,
Du = interrill detachment rate (lb/ft2/s),
DFr = rill detachment capacity rate (Ib/ffVs),
El = Wischmeier’s rainfall erosivity [100(ft-tons/acre)(in/hr)], 
x = distance downslope (ft), 
s = sine of slope angle, 
m = slope length exponent,
K = USLE soil erodibility factor [(ton/acre)(acre/100 ft-tons)(hr/in)],
C = soil loss ratio of the USLE cover-management factor,
P = USLE contouring factor,
Vu = runoff volume [(volume/unit area (ft)], and 
Op = peak runoff rate [volume/unit area/unit time (ft/s)].
When daily rainfall amounts are used, rainfall erosivity (El) is estimated from
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equation (16):
El = 8.0 VR1-51 (16)
where,
El = storm El [(100 ft-tons/acre)(in/hr)], and 
VR = volume of rainfall (in.).
Equation (16) is very approximate. It was developed by regression analysis 
from about 2,700 data points used in the development of the USLE and has a 
coefficient of determination (R2) of 0.56 (Knisel et al., 1980). When breakpoint 
rainfall is used, storm El is computed using standard USLE procedures. Storm 
energy per unit of rainfall is given by:
e = 916 + 331 log10 i (17)
where,
e = rainfall energy per unit of rainfall (ft-tons/acre-in), and 
i = rainfall intensity (in/hr).
Interrill erosion is primarily a function of raindrop impact on areas in between 
the rills and is not a function of runoff. Rill erosion is a function of runoff rate. 
Sediment transport capacity for overland flow is estimated by the Yalin equation 
(Yalin 1963) modified for nonuniform sediment having a mixture of sizes and 
densities.
3. Chemistry
The concepts used in chemistry component are that nitrogen and 
phosphorus attached to soil particles are lost with sediment yield; soluble form
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of nitrogen and phosphorus are transported in the runoff; and soil nitrate is lost 
by leaching from percolation, by denitrification, or by plant uptake.
A thin layer (10 mm) at the soil surface is considered to be the active zone, 
with soluble nutrients assumed to be available for extraction into runoff and for 
leaching into the root zone. Nitrates in the rainfall contribute to the soluble 
nitrogen in the surface layer.
The model predicts the average concentration of soluble nitrogen and
phosphorus in the runoff. The nitrogen and phosphorus in runoff are estimated
by multiplying the average concentration by the volume of runoff.
The amounts of nitrogen and phosphorus lost with sediment are functions 
of sediment yield, enrichment ratio, and the chemical concentration of the
sediment phase. The kilograms/hectare of nitrogen (N) or phosphorus (P)
transported by sediment (SEDN or SEDP) is predicted in this model by the 
following equation:
SED_ = SOIL_ * SED * ER_ (18)
ER = A_ * SED ** B_ (19)
where,
SOIL_ = the N (SOILN) or P (SOILP) content (kg/kg) in the field,
SED = kg/ha sediment predicted by the erosion submodel,
ER = the enrichment ratio for N or P,
A_ = coefficient for N or P, and 
B_ = exponent for N or P.
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When the active surface layer is saturated, the soluble nitrogen moves into 
the root zone. Incorporated fertilizer, mineralization of organic matter, and 
soluble nitrogen in rainfall percolated through the active surface layer increase 
the nitrogen content in the root zone. Mineralization (MN) between storm 
events is calculated by the following equations:
TA = 273 + ATP (20)
TK = EXP(15.807 - 6350/TA) (21)
WK = AWC/FC (22)
MN = POTM * WK * (1 -EXP(-TK*DAYS)) (23)
where,
TA = average temperature in degrees kelvin,
ATP = average temperature (°C),
TK = temperature coefficient,
WK = water coefficient,
AWC = average volumetric water content (cm3/cm3),
DAYS = number of days between storm event,
FC = field capacity (cm3/cm3), and
POTM = potentially mineralizable nitrogen in the soil kg/ha.
Optimum rates of mineralization occur at a soil temperature of 35°C. Soil 
temperature is approximated from air temperature in the hydrology component.
Nitrate is lost from the root zone by plant uptake, leaching, and 
denitrification. The model estimates the plant uptake by two options. Option
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I simulates plant growth as a function of plant water use and nitrogen uptake as 
a function of plant nitrogen content. Option II assumes nitrogen uptake follows 
a normal probability curve.
The amount of nitrate leached is a function of the amount of water 
percolated out of the root zone estimated by the hydrology component and the 
concentration of nitrate in the soil water.
Denitrification (DNI) is calculated by the following equations:
SC = OM/O.1724 (24)
DK = 24 * (0.0011 * SC + 0.0025) (25)
DKT = exp (0.0693 * ATP + DB) (26)
DB = In DK - 2.4255 (27)
DNI = N03 * (1.0 -exp(-DKT * (DT-0.5))) (28)
where,
SC = milligrams carbon/gram of soil,
OM = percent organic matter,
DK = the rate constant at 35°C /day,
DKT = temperature adjusted rate constant,
ATP = average temperature °C,
DT = number of days of drainage since the last storm, and 
N03 = amount of nitrate in the root zone kg/ha.
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Data output from the CREAMS Model
Hydrology output is composed of input information and calculated values. 
User could request daily, monthly, storm by storm, or yearly values of rainfall 
(in), surface runoff (in), percolation (in), average temperature (°F), average soil 
water (in/in), actual evapotranspiration (in), and potential evapotranspiration (in). 
The monthly average for the period of simulation of rainfall, surface runoff, 
evapotranspiration, percolation, and average soil water are also printed.
There are four options of output provided in erosion/sedimentation 
component beside the output describing basic parameter values for the 
watershed. The first option is the annual summary of each year in the 
simulation period. Totals for the entire simulation period also are given. The 
second option provides monthly and annual summaries. The third option 
summarizes information for each storm and for each element in addition to 
sediment yield. The fourth option is output from a single storm.
Chemistry component offers three options of output. The first option is the 
annual summaries that include total number of storms, total rainfall, surface 
runoff, nitrogen in runoff and with sediment, phosphorus in runoff and with 
sediment, mineralized nitrogen, accumulated drainage, nitrogen uptake, soil 
nitrate, rainfall nitrate, and accumulated denitrification. Monthly and yearly 
information are given in second option. The third option summarizes 
information for each storm. The date and amount of rainfall, surface runoff 
volume, amount of soil loss, percolation, accumulated evapotranspiration, and
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as well as all the information in the first option are printed.
Previous Research on the CREAMS model
Bengtson and Carter (1985) tested the performance of the CREAMS model 
by applying the model to a 1.6 ha field located at Baton Rouge, Louisiana. 
They found that the model underestimated runoff by 38% during the cool 
months and overestimated runoff by 49% during the warm months, 
underestimated soil erosion by 61%, underestimated phosphorus loss by 36%, 
and overestimated nitrogen loss by 380%.
Heatwole et al. (1986) modified the CREAMS hydrology model to simulate 
the flat, sandy, high water table watershed at Coastal Plain Flatwoods. The 
modified version, CREAMS-WT, uses a modified method to calculate available 
storage for use in the runoff equation. A 20-years of data are used to simulate 
the hydrology of Armstrong Slough watershed. Water table depth and annual 
water balance predicted by CREAMS-WT show dramatic improvement over the 
results of CREAMS simulations.
Heatwole et al. (1987) evaluated CREAMS nutrient model for use in flat, 
sandy, South Florida Flatwoods watersheds. They concluded that CREAMS 
does not adequately represent phosphorus movement in sandy soils having low 
phosphorus-buffering capacity. The CREAMS nutrient model was modified to 
more realistically represent the nutrient dynamics of sandy soils in Coastal Plain 
Flatwoods watershed. The changes made to the nutrient model enable it to
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better represent the degree of soil/phosphorus interaction occurring in poorly 
buffered soils.
Bingner et al. (1989) compared the simulated results from the models 
CREAMS, SWRRB (Simulater for Water Resources in Rural Basin), EPIC 
(Erosion-Productivity Impact Calculator), ANSWERS (Areal Nonpoint Source 
Watershed Environment Response Simulation), and AGNPS (Agricultural 
NonPoint Source) with measured data of runoff and sediment yield from three 
Mississippi watersheds. They concluded that no one model worked well in 
every situation of runoff and sediment yield on the watersheds. Overall, 
CREAMS and SWRRB produced results that were similar to the measured 
values more often than the other models.
Description of the DRAINMOD-CREAMS model
DRAINMOD-CREAMS model was developed by Parson and Skaggs (1988) 
by combining the DRAINMOD model and the CREAMS erosion submodel. 
They replaced the CREAMS hydrology component with DRAINMOD and 
modified DRAINMOD to create a pass file of hydrologic parameters for input 
to the CREAMS erosion submodel. This approach allows DRAINMOD and 
CREAMS to remain unchanged at the process level.
The output of the DRAINMOD-CREAMS model is the same as output 
produced by the DRAINMOD model and the one produced by the CREAMS 
erosion submodel.
CHAPTER 3
INPUT DATA COLLECTION AND WATERSHED DESCRIPTION
Introduction
This chapter will provide a brief description on watershed and the various 
section of the input data; however, for details on input data, one need to refer 
to chapter 4 of the DRAINMOD manual (Skaggs, 1978) and chapters 1, 2, and 
3 of the CREAMS manual (Knisel et al., 1980). Measured data were made 
available by Dr. Richard Bengtson of the Agricultural Engineering Department 
and Dr. James Fouss of the USDA-ARS, Louisiana State University, Baton 
Rouge, Louisiana, and their published paper, Bengtson et al. (1987), Fouss et 
al. (1987).
Watershed Description
The Ben Hur Research Farm is located 5.5 km south of Louisiana State 
University, Baton Rouge, Louisiana. The farm has been operated jointly by the 
Louisiana State University, Agricultural Center and the United States 
Department of Agriculture (USDA). The topography of the farm is flat (Saleh, 
1983). The soil, a Commerce clay loam, fine silty, mixed, non-acid, thermic 
Aerie Fluvaqent, has a saturated hydraulic of approximately 1 mm/h just below 
the plow depth and increase only slightly to a depth of about 0.6 m. Between 
0.6 and 1.3 m depth, there is a layer of approximately 0.3 m thickness that has
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a saturated hydraulic conductivity of up to 80 mm/h (Rogers et al., 1985). More 
information about this soil may be obtained in Camp (1976) and Dance et al. 
(1968).
The field was installed in 1977 and partitioned into 4 plots (Figure 3), with 
each of the two plots (Plot E and Plot G) being 200 m long and 60 m wide. Plot 
E was surface drained and contained subsurface drainage tubing 1 m deep, 
(104 mm diameter) spaced 20 m apart, and installed on a grade of 0.1 percent. 
Plot G was surface drained only. Earth dikes at least 0.3 m high were 
constructed around the plots to define the plot boundaries and to insure that 
runoff passed through an H-flume where it could be measured and sampled 
(Bengtson et al. 1987). The plots were not replicated.
Rainfall was measured with a weighing-type recording rain gage. Surface 
runoff was measured with an H-flume and FW-1 water stage recorder, and was 
sampled at 20-minute intervals with an automatic water sampler installed at the 
flume. The samples were analyzed in the laboratory for sediment and nitrogen 
content. The drain outflow was collected in 1.2 X 1.2 X 3 m sumps and 
discharged into a surface runoff ditch with electric pumps (Bengtson et al., 
1987).
Silage corn was grown using conventional tillage, a sequence of disc and 
harrow, and planting up and down the slope in April. The plots were fertilized 
with 217, 38, and 76 kg/ha/year of nitrogen, phosphorus, and potassium, 
respectively. Nitrogen was applied at 109 kg/ha at planting (disced in) and 108
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kg/ha (side dressed) 3 to 4 weeks after emergence. The corn was cultivated 
once each year in May for weed control, and was harvested for silage in July. 
The field is fallow the remainder of the year.
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Figure 3. Plan View of Ben Hur Research Farm Plots (After Wright, 1990)
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DRAINMOD Input Requirements
Input to the DRAINMOD model can be divided into two groups, input data 
and input parameters. The input data are of two types, climatological and crop 
data. The input parameters can be divided into soil properties and drainage 
system parameters. Most of the crop data and the input parameters were 
adopted from Fouss et al. (1987) and consultation with Dr. Fouss and Dr. 
Bengtson.
Climatological data
Precipitation, daily maximum and minimum air temperature were recorded at the 
experimental site. Precipitation is recorded in a breakpoint format. However, 
model requires that the precipitation is entered in hourly values. Rainfall is 
recorded in hundredths of inches which the program converts to centimeters 
before using. A BASIC program (Appendix A) was written to convert breakpoint 
precipitation data to hourly values. Hourly values of precipitation are shown in 
Table 33 (Appendix B). The monthly and annual rainfall data values are shown 
in Table 1. The 28-year average annual rainfall for the Ben Hur Research Farm 
is 146±29 cm (Fouss et al., 1987). Daily maximum and minimum air 
temperatures are used by the model to estimate potential evapotranspiration by 
the Thornthwaite method and shown in Table 34 (Appendix B). Summary of the 
climatological input data is shown in Table 2.
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TABLE 1
MONTHLY AND ANNUAL RAINFALL, BEN HUR RESEARCH FARM,
LOUISIANA
Monthly rainfall (cm) for years
Month 1981 1982 1983 1984 1985 1986 1987
Jan 2.51 8.89 11.07 8.28 12.09 4.29 20.07
Feb 20.65 14.07 13.39 16.29 11.66 13.69 19.84
Mar 5.72 7.14 11.30 3.99 11.91 6.32 13.00
Apr 2.82 12.34 21.69 3.56 11.94 5.97 2.49
May 11.18 4.29 17.91 11.10 6.63 7.57 17.07
Jun 22.00 9.75 24.43 9.53 8.23 14.33 31.75
Jul 15.72 3.58 8.28 5.61 7.02 12.78 12.27
Aug 5.87 17.93 28.09 12.73 14.81 10.36 27.36
Sep 8.15 8.20 15.21 9.04 21.54 4.04 3.61
Oct 4.22 10.24 2.69 21.95 22.23 10.06 2.36
Nov 4.34 9.78 11.81 5.56 3.02 31.01 11.18
Dec 13.77 36.25 15.11 8.43 11.33 15.04 6.27
Total 116.94 142.47 181.00 116.05 142.40 135.46 167.26
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TABLE 2
SUMMARY OF THE CLIMATOLOGICAL INPUT DATA
Data
Program 
Variable Name Value
Station ID for precipitation RID 236487
Station ID for daily temperature TID 236487
Latitude for temperature station LAT 3022
Heat Index HIDX 100
Starting month of simulation IMST 1
Starting year of simulation IYST 1981
Ending month of simulation IMED 12
Ending year of simulation IYED 1987
Crop data
The crop data required by model included the effective root depth as a function 
of time and the growing season. It is used in the model to define the zone from 
which water can be removed as necessary to supply evapotranspi ration demands. 
The rooting depth function is read in as a table of effective rooting depth versus 
julian date. The rooting depth for days other than those listed in the table is 
obtained by interpolation. The rooting depth used in this study is shown in Table
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TABLE 3
EFFECTIVE ROOTING DEPTH (cm) AS A FUNCTION OF TIME FOR CORN
(AFTER SKAGGS, et al., 1981)
Month Day Root depth
1 1 3.0
3 31 3.0
4 18 10.0
5 1 15.0
5 5 25.0
6 4 30.0
7 2 30.0
9 11 30.0
9 21 10.0
10 19 3.0
12 31 3.0
Soil properties
The soil properties consist of: soil moisture desorption, drained volume, upward 
flux, hydraulic conductivity, and infiltration. These properties were taken from 
Fouss et al. (1987). The soil moisture desorption characteristics are shown in 
Table 4. The drained volume versus water table depth is given in Table 5 and the 
steady upward flux versus water table depth is also given in Table 5. The 
saturated hydraulic conductivity and parameters for Green-Ampt infiltration 
equation are shown in Table 6 and Table 7, respectively. The procedure to 
determine the Green-Ampt infiltration parameters is outlined in Appendix C.
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TABLE 4
SOIL-WATER DESORPTION CHARACTERISTICS (Commerce clay loam soil)
Pressure head 
cm
Water content 
cm3/cm3
-0 0.458
-10 0.452
-20 0.440
-30 0.431
-40 0.422
-50 0.412
-60 0.402
-70 0.397
-80 0.392
-100 0.381
-120 0.374
-160 0.359
-200 0.352
-500 0.324
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TABLE 5
DRAINED VOLUME AND STEADY-STATE UPWARD FLUX VS. Water table
DEPTH (Commerce clay loam soil)
Water table 
depth 
cm
Drained
volume
cm
Steady-state 
upward flux 
cm/h
0 0.00 1.000
10 0.10 0.264
20 0.39 0.072
30 0.65 0.030
40 0.90 0.019
50 1.10 0.012
60 1.40 0.008
70 1.80 0.006
80 2.20 0.004
100 3.00 0.000
120 4.50 0.000
160 8.00 0.000
200 12.20 0.000
500 50.00 0.000
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TABLE 6
SATURATED HYDRAULIC CONDUCTIVITY VS. SOIL DEPTH 
(Commerce clay loam soil)
Depth in soil, 
cm
Sat. hydr. cond. (K), 
cm/h
0.0 to 50.0 1.2
50.0 to 120.0 4.0
120.0 to 141.5 0.1
TABLE 7
PARAMETERS FOR THE GREEN-AMPT INFILTRATION EQUATION FOR 
VARIOUS Water table DEPTHS AT THE START OF RAINFALL 
(Commerce clay loam soil)
Initial depth 
of water table, 
cm
A
(A=KsMSav),
cm2/h
B
(B=KS),
cm/h
0 0.0 0.4
30 0.4 0.4
60 0.8 0.4
120 1.12 0.4
150 1.76 0.4
500 1.76 0.4
500 1.76 0.4
Drainage system parameters
Input data required to describe the design of the drainage system are 
summarized in Table 8. These data are used in combination with soil property
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data to compute surface runoff, drainage flow, evapotranspiration, water table 
depth, etc., in the drainage system simulation process (Fouss et al., 1987).
TABLE 8
SUMMARY OF DRAINAGE SYSTEM INPUT PARAMETERS ,
BEN HUR RESEARCH FARM, LOUISIANA
Parameter Variable name Value
Drain spacing SDRAIN 2000, 9144 cm *
Drain depth DDRAIN 100 cm
Equivalent depth to 
impermeable layer
HDRAIN 41, 48 cm *
Equivalent profile depth DEPTH 141, 148 cm*
Maximum depth of 
surface storage
STMAX 0.25 cm
Drain radius * * 10 cm
Effective drain radius * * 0.5 cm
* For Subsurface Drained Plot and Non-Subsurface Drained Plot, respectively.
** These variables are not inputs to DRAINMOD but are used to calculate 
HDRAIN.
Copies of the input data files are presented in Appendix B.
CREAMS Input Requirements
Two types of input files, data files and parameter files-are required to run each 
component of CREAMS. The input parameters were estimated from the CREAMS 
manual (Knisel et al., 1980) and obtained from the other literature.
Erosion component
The data files (Table 9) for erosion component are created by the hydrology
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submodel. The input parameters can be divided into two groups, non-updatable 
parameters and updatable parameters. The summary of non-updatable 
parameters and updatable parameters are given in Table 10 and Table 11, 
respectively.
TABLE 9
HYDROLOGY PASS FILE DESCRIPTION AND DATA FOR INPUT TO THE 
EROSION/SEDIMENT YIELD SUBMODEL
Data
Program
variable
name
Dimension
Date of storm SDATE Julian date
Volume of rainfall RNFALL in.
Volume of runoff RUNOFF in.
Characteristic excess rainfall rate EXRAIN in/h
El for the given storm El (100 ft- 
t/ac)X(in/h)
Number of days since the last storm when 
percolation occurred
DP day
Percolation below the root zone PERCOL in.
Average temperature between storms AVGTMP °F
Average soil water between storms AVGSWC in./in.
Actual evaporation from plant for the period 
between storms
ACCPEV in.
Potential evaporation from plant for the period 
between storms
POTPEV in.
Actual evaporation from soil for the period 
between storms
ACCSEV in.
Potential evaporation from soil for the period 
between storms
POTSEV in.
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TABLE 10
SUMMARY OF THE NON-UPDATABLE PARAMETERS FOR THE EROSION
SUBMODEL
Parameter Variable
Name
Value Dimension
Kinematic viscosity KINVIS 1.05E-05 ft2/sec
Manning’s n for overland flow NBAROV 0.035 -
Weight density of soil WTDSOI 71.2 Ibs/ft3
Fraction of clay SOLCLY 0.33 -
Fraction of silt SOLSLT 0.27 -
Fraction of sand SOLSLT 0.40 -
Specific surface area of clay SSCLY 750.0 m2/g
Specific surface area of silt SSSLT 4.0 m2/g
Specific surface area of sand SSND 0.05 m2/g
Slope length SLNGTH 656.2 ft
Soil erodibility KIN 0.63 t/ac/English El
TABLE 11
SUMMARY OF THE UPDATABLE PARAMETERS FOR THE EROSION
SUBMODEL
Parameter Variable
Name
Value
Cropping management factor CIN(I) 0.4
Contouring factor PIN(I) 1
Manning’s n MIN(I) 0.035
First date the parameter valid PDATE 001
Last date the parameter valid CDATE 120
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Nutrient component
The data files (Table 12) for nutrient component are created by the erosion 
submodel. Like the erosion submodel, the input parameters for the nutrient 
component can be divided into two groups, non updatable parameters and 
updatable parameters. The summary of non-updatable parameters and updatable 
parameters are given in Table 13 and Table 14, respectively.
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TABLE 12
EROSION PASS FILE DESCRIPTION AND DATA FOR INPUT TO THE
NUTRIENT SUBMODEL
Data
Program
variable
name
Dimension
Date of storm SDATE Julian date
Volume of rainfall RNFALL in.
Volume of runoff RUNOFF in.
Amount of eroded sediment SOLOSS t/ac
Sediment enrichment ratio ENRICH (100 ft- 
t/ac)X(in/h)
Number of days since the last storm when 
percolation occurred
DP day
Percolation below the root zone PERCOL in.
Average temperature between storms AVGTMP °F
Average soil water between storms AVGSWC in./in.
Actual evaporation from plant for the period 
between storms
ACCPEV in.
Potential evaporation from plant for the period 
between storms
POTPEV in.
Actual evaporation from soil for the period 
between storms
ACCSEV in.
Potential evaporation from soil for the period 
between storms
POTSEV in.
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TABLE 13
SUMMARY OF THE NON-UPDATABLE PARAMETERS FOR THE NUTRIENT
SUBMODEL
Parameter Variable
Name
Value Dimension
Soil porosity SOLPOR 0.47 cc/cc
Field capacity FC 0.34 cc/cc
Organic matter available for 
denitrification
OM 1.0 %
Soluble nitrogen SOLN 0.2 kg/ha
Soluble phosphorus SOLP 0.2 kg/ha
Nitrate N03 20 kg/ha
Soil nitrogen SOILN 0.001 kg/kg
Soil phosphorus SOILP 0.001 kg/kg
N-extraction coefficient EXKN 0.091 -
P-extraction coefficient EXKP 0.100 -
N-enrichment coefficient AN 2.2 -
P-enrichment coefficient AP 1.01 -
N-enrichment exponent BN -0.2 -
P-enrichment exponent BP -0.05 -
N-concentration in rainfall RCN 0.07 mg/l
TABLE 14
SUMMARY OF THE UPDATABLE PARAMETERS FOR THE NUTRIENT
SUBMODEL
Parameter Variable
Name
Value Dimension
Number of fertilizer 
application
NF 2 -
Date of fertilizer application DF 81113 -
Date of plant emergence DEMERG 120 Julian day
Date of plant harvesting DHRVST 214 Julian day
Maximum depth of root zone RZMAX 750 mm
Potential yield YP 14550.0 kg/ha
Potential mineralizable N POTM 245.0 kg/ha
Amount of nitrogen applied FN 109.0 kg/ha
Amount of P applied FP 38.0 kg/ha
Method of fertilizer 
application
FA 1 -
Copies of the input data files are presented in Appendix D.
CHAPTER 4
EVALUATION OF THE DRAINMOD-CREAMS MODEL
Procedure for Model Evaluation
The DRAINMOD-CREAMS model was used to simulate the surface runoff 
and the sediment loss from Subsurface Drained Plot (Plot E) and Non- 
Subsurface Drained Plot (Plot G). Seven years of observed data (from 1981 to 
1987) were used to evaluate the performance of the model. The input data 
were discussed in Chapter 3 and also listed in Appendix B.
The model was evaluated by three methods. First, a linear regression 
analysis was used to determine the closeness of observed and simulated 
values. The data were fitted to a simple linear regression model with the 
simulated as the dependent variable and the observed as the independent 
variable. The correlation coefficient, slope, and intercept were used to evaluate 
the capability of the model.
Secondly, a t-test was done on the intercept and slope of the relationship 
obtained from regression analysis between the observed and simulated data. 
The closer the slope of the regression line to unity, the better the model predicts 
the observed data. All statistical tests were carried out for a significance level 
of 0.05.
Thirdly, standard deviation of differences (STDD), absolute average 
difference (ADIF), and percent error (PE) were computed comparing observed
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and predicted data. The following equations were used:
_ _ _  E  <obs -  P ie d )  2STDD  =  \  ------------------------------------— -----------------------
\  n
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( 2 9 )
_ E  \obs ~ P ie d \  ( 3 0 )
n
P E =  ( p ie d -o b s  ) x  10Q ( 3 1 )
O D S
where,
obs = observed value, 
pred = simulated value, and 
n = number of observations.
The standard deviation of differences is a measure of the dispersion of the 
simulated data from the observed data and is expressed in the units of the 
observed data (Chang et al., 1983). The absolute difference is simply the 
absolute difference between the observed and the simulated data averaged 
over the number of observations. The percent error is a measure of the 
difference between the observed and simulated data relative to the observed 
data and is expressed as a percentage.
Testing of the DRAINMOD-CREAMS Model
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Surface Runoff
Subsurface Drained Plot
The annual values of observed and simulated surface runoff volume are 
shown in Table 15. Also, the monthly values are presented in Table 45 
(Appendix E). The model simulated accurately the total surface runoff for the 
year 1981 and 1987, overestimates the total surface runoff for the years 1982, 
1983, 1986, and underestimates for the years 1984 and 1985.
TABLE 15
OBSERVED AND SIMULATED ANNUAL SURFACE RUNOFF OF 
SUBSURFACE DRAINED PLOT
Year Observed
(cm)
Simulated
(cm)
% Error
1981 19.17 19.37 1.0
1982 24.70 34.87 41.2
1983 46.63 53.08 13.8
1984 14.98 13.22 -11.8
1985 33.70 32.39 -3.9
1986 28.89 30.26 4.7
1987 42.26 43.34 2.5
Total 210.33 226.53 7.7
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The observed and simulated surface runoff volume accumulated by months for 
the 7-year period is shown in Figure 4. At the beginning of the study period (the 
first 23 months) the accumulated simulated values were very close to the observed 
values (Figure 5). In the month of December 1982 (Table 45, Appendix E), the 
model overestimated the surface runoff volume by 33.2 percent. The amount of 
the rainfall recorded for this plot in the month of December 1982 was 36.25 cm. 
This amount of rainfall was 139 percent greater than the average rainfall for the 
month of December (the average rainfall for the month of December for the 7-year 
period is 15.17 cm). In fact, that amount was the highest recorded monthly rainfall 
for the 7-year period.
The regression analysis gave the following relationship between monthly 
simulated and observed surface runoff.
Qsm = 0.42 + 0.91 Qom (32)
r = 0.92
where,
Qsm = simulated monthly surface runoff in cm,
QoM = observed monthly surface runoff in cm, and 
r = correlation coefficient.
The relationship between observed and simulated monthly surface runoff during 
this period is shown in Figure 5. A lot of data points cluster near the 0:0 
coordinate. The regression line fitted more to the 1:1 line at low monthly surface 
runoff than it did at high value of surface runoff. The correlation coefficient is high,
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Figure 4. Observed and Simulated Surface Runoff Accumulated
by Months, Subsurface Drained Plot (DRAINMOD-
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indicating a good straight line relationship between simulated and observed 
monthly surface runoff. The residual plot is shown in Figure 34 (Appendix F). The 
ANOVA test (Table 49, Appendix F) demonstrated that a significant linear 
relationship exists between simulated and observed monthly surface runoff. At-test 
(Table 49, Appendix F) was done on the intercept and slope of the relationship 
shown by Equation 32. It was found that the slope of the regression line was not 
statistically different from 1.0. However, the intercept was statistically different 
from zero.
The total simulated surface runoff was 7.7 percent greater than the total 
observed surface runoff.
Non-Subsurface Drained Plot
The annual values of observed and simulated surface runoff volume are shown 
in Table 16. The monthly values are presented in Table 46 (Appendix E). The 
model overestimates the total surface runoff for all years. The observed and 
simulated surface runoff volume accumulated by months is shown in Figure 6. As 
in Subsurface Drained Plot, the model seriously overestimated the surface runoff 
in the month of December, 1982 (Table 45, Appendix E).
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TABLE 16
OBSERVED AND SIMULATED ANNUAL SURFACE RUNOFF OF 
NON-SUBSURFACE DRAINED PLOT
Year Observed
(cm)
Simulated
(cm)
% Error
1981 25.79 34.74 34.7
1982 36.82 55.55 50.9
1983 77.80 90.72 16.6
1984 20.81 35.96 72.8
1985 45.72 55.42 21.2
1986 46.96 49.93 6.3
1987 67.46 79.82 18.3
Total 321.36 402.14 25.1
The regression analysis gave the following relationship between monthly 
simulated and observed surface runoff.
QSm = 0.81 + 1.04 Qom (33)
r = 0.92
The relationship between observed and simulated annual surface runoff is 
shown in Figure 7. The ANOVAtest (Table 50, Appendix F) demonstrated that a 
significant linear relationship exists between simulated and observed monthly 
surface runoff. The slope of the regression line was not statistically different from 
1.0. However, the intercept was statistically different from zero. The residual plot 
is shown in Figure 35 (Appendix F).
SI
M
UL
AT
ED
 
M
ON
TH
LY
 
SU
RF
AC
E 
RU
NO
FF
 
(c
m
)
57
35
'OM
r = 0.67
3 0
OM
25
20
o o
2 5 3 0 355 2010 150
OBSERVED MONTHLY SURFACE RUNOFF (c m )
Figure 7. Relationship Between Simulated and Observed
Monthly Surface Runoff, Non-Subsurface Drained
Plot (DRAINMOD-CREAMS Model).
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The total simulated surface runoff was 25.1 percent greater than the total 
observed surface runoff.
The standard deviation of differences (STDD), which measure the dispersion 
of the predicted data from the observed data, and the absolute average differences 
(ADIF) between the observed and simulated data were computed for the model 
simulations of both plots, and are presented in Table 17.
TABLE 17
ERROR STATISTICS COMPUTED TO EVALUATE DRAINMOD-CREAMS 
MODEL PREDICTIONS ON SURFACE RUNOFF
Statistics Surface Runoff (cm)
Subsurface Non-Subsurface
STDD1 1.54 2.56
ADIF2 0.96 1.73
1 Standard deviation of differences.
2 Absolute average difference between the observed and the 
simulated data.
Sediment Loss
Subsurface Drained Plot
The annual values of observed and simulated sediment loss are shown in 
Table 18. The monthly values are presented in Table 47 (Appendix E). The 
model simulates accurately the sediment loss for the year 1986, overestimates the 
total sediment loss for the years 1981,1982, and 1983 and underestimates for the
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years 1984, 1985, and 1987.
TABLE 18
OBSERVED AND SIMULATED ANNUAL SEDIMENT LOSS OF 
SUBSURFACE DRAINED PLOT
Year Observed
(kg/ha)
Simulated
(kg/ha)
% Error
1981 412.5 1729.0 319.2
1982 2587.5 3285.7 27.0
1983 5469.7 4865.9 -11.0
1984 1494.7 963.3 -35.6
1985 5162.0 2939.3 -43.1
1986 3574.1 3606.2 1.0
1987 3826.4 2865.2 -25.1
Total 22526.9 20254.6 -10.1
The observed and simulated sediment loss accumulated by month for the 7- 
year period is shown in Figure 8.
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The relationship between observed and simulated monthly sediment loss is 
shown in Figure 9. The regression analysis gave the following relationship 
between monthly simulated and observed sediment loss.
SSM = 36.54 + 0.76 SOM (34)
r = 0.75
where,
SSM = simulated monthly sediment loss, kg/ha, and 
SOM = observed monthly sediment loss, kg/ha.
The ANOVA test (Table 51, Appendix F) demonstrated that a significant linear 
relationship exists between the simulated and observed monthly sediment loss. 
A t-test demonstrated that the slope of the regression line was statistically different 
from 1.0 and the intercept was not statistically different from zero (Table 51, 
Appendix F). The residual plot is shown in Figure 36 (Appendix F).
The total simulated sediment loss was 10.1 percent less than the total 
observed sediment loss.
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Non-Subsurface Drained Plot
The annual values of observed and simulated sediment loss are shown in
Table 19. The monthly values are presented in Table 48 (Appendix E).
TABLE 19
OBSERVED AND SIMULATED ANNUAL SEDIMENT LOSS OF 
NON-SUBSURFACE DRAINED PLOT
Year Observed
(kg/ha)
Simulated
(kg/ha)
% Error
1981 592.5 2692.3 354.4
1982 3582.5 5532.8 54.4
1983 7200.2 8274.5 14.9
1984 2968.3 2717.0 -8.5
1985 10012.7 4569.5 -54.4
1986 5560.2 5285.8
O)■'t■
1987 8652.1 5261.1 -39.2
Total 38568.5 34333.0 -11.0
The observed and simulated sediment loss accumulated by months is shown 
in Figure 10. The relationship between observed and simulated monthly sediment 
loss is shown in Figure 11. The regression analysis gave the following relationship 
between simulated and observed monthly sediment loss.
SSM= 129.83+ 0.61 SOM (35)
r = 0.66
The ANOVA test (Table 52, Appendix F) demonstrated that a significant linear 
relationship exists between the simulated and observed monthly sediment loss and
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the intercept was not statistically different from zero. However, the slope of the 
equation (34) was statistically different from 1.0 (Table 52, Appendix F). The 
residual plot is shown in Figure 37 (Appendix F). The model overestimated the 
total sediment loss for the years 1981,1982, and 1983, and underestimated for the 
years 1984, 1985, 1986, and 1987. The total simulated sediment loss was 11.0 
percent less than the total observed sediment loss.
The standard deviation of differences and the absolute average difference 
between the observed and predicted data were computed, and are presented in 
Table 20.
TABLE 20
ERROR STATISTICS COMPUTED TO EVALUATE DRAINMOD-CREAMS 
MODEL PREDICTIONS ON SEDIMENT LOSS
Statistics Sediment Loss (kg/ha)
Subsurface Non-Subsurface
STDD 314.92 567.30
ADIF 164.7 289.42
CHAPTER 5
EVALUATION OF THE CREAMS NUTRIENT SUBMODEL
Introduction
The CREAMS nutrient submodel was tested on Subsurface Drained Plot 
and Non-Subsurface Drained Plot. The input data was discussed in Chapter 3 
and also listed in Appendix D. The capability of the model in predicting nitrogen 
loss was evaluated by using linear regression analysis, t-test on the slope and 
intercept of the regression equation, absolute average difference, percent error, 
and standard deviation of differences comparing observed and predicted data.
Subsurface Drained Plot
The observed and simulated annual and monthly nitrogen loss values are 
shown in Table 21 and Table 53 (Appendix G), respectively. The CREAMS 
model overestimated the annual nitrogen loss for the years 1981, 1982, 1984, 
1986, and 1987, and underestimated for the years 1983 and 1985. Table 21 
shows that the model tends to seriously overestimate annual nitrogen loss for 
the small observed values. The model seriously overestimated the annual 
nitrogen loss for the year 1984 which recorded only 0.899 kg/ha of observed 
nitrogen loss. The model overestimated the total nitrogen loss by 11.4 percent. 
The observed and simulated nitrogen loss accumulated by months is shown in 
Figure 12. The regression analysis gave the following relationship between the
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monthly simulated and observed nitrogen loss.
Nsm = 0.25 + 0.42 Nom 
r = 0.54
where,
Nsm = simulated monthly nitrogen loss in kg/ha and 
Nom = observed monthly nitrogen loss in kg/ha.
TABLE 21
OBSERVED AND SIMULATED ANNUAL NITROGEN LOSS 
OF SUBSURFACE DRAINED PLOT
Year Observed
(kg/ha)
Simulated
(kg/ha)
% Error
1981 + 1.962 4.599 164.4
1982 2.540 5.872 131.2
1983 12.745 6.935 -45.6
1984 0.899 2.500 178.1
1985 5.084 4.878 -4.1
1986 1.552 2.543 63.9
1987 4.544 5.343 17.6
Total 29.326 32.670 11.4
+ Excluding the months of January and February.
The relationship for Equation 36 is shown in Figure 13. The residual plot is 
shown in Figure 38 (Appendix H). The ANOVA test demonstrated that a 
significant linear relationship exists between simulated and observed monthly 
nitrogen loss. However a t-test (Table 55 , Appendix H) demonstrated that the
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slope of the regression line was statistically different from 1.0 and the intercept 
was statistically different from zero. The standard deviation of differences and the 
absolute average differences between the observed and predicted data are 
presented in Table 23.
The observed annual nitrogen loss for this plot ranges from 0.899 kg/ha (1984) 
to 12.745 kg/ha (1983) with an average of 4.189 kg/ha. The observed annual 
nitrogen loss for the year 1983 was well separated from the remainder of the data.
For the observed monthly nitrogen loss, the values range from 0 kg/ha to 8.932 
kg/ha with the monthly average of 0.36 kg/ha. An outlier test was conducted for 
the monthly values (Table 56, Appendix H). It was found that the data for the 
months of April (observed nitrogen loss was 8.932 kg/ha) and May (observed 
nitrogen loss was 2.105 kg/ha) 1983 were an outlier. The new regression analysis 
(Equation 37) between monthly observed and simulated nitrogen loss was obtained 
by excluding the month of April and May 1983.
Nsm = 0.09 + 1.24 Nom (37)
r = 0.68
The relationship of Equation 37 is shown in Figure 14. The new regression 
equation (Equation 37) is improved as indicated by the slope and the intercept of 
the regression equation and smaller values of the standard deviation differences 
and absolute average differences. A significant linear relationship exists between 
simulated and observed monthly nitrogen loss (Table 56, Appendix H). A t-test 
demonstrated that the slope of the regression line was not significantly different
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from 1.0 and the intercept was not statistically different from zero (Table 56, 
Appendix H). The residual plot is shown in Figure 39 (Appendix H). The summary 
of error statistics is presented in Table 23.
Non-Subsurface Drained Plot
The annual observed and simulated nitrogen loss values are shown in Table
22. The monthly values are shown in Table 54 (Appendix G). The observed and 
simulated nitrogen loss accumulated by months is shown in Figure 15. The 
CREAMS model overestimated the annual nitrogen loss for all years except for the 
year 1983. As in Subsurface Drained Plot, the model seriously overestimated the 
annual nitrogen loss (1981, 1984, and 1986) for the small observed annual 
nitrogen loss. The annual rainfall for these years are 116.05 cm, 116.94 cm, and 
135.46 cm, respectively. The annual average for 7-year period is 143.08 cm. The 
overestimation of nitrogen loss during these years could be due to underestimation 
of denitrification since less percolation occurs during this period. The model 
overestimated the total nitrogen loss by 35.4 percent. The relationship between 
the observed and simulated monthly nitrogen loss is given by equation 38 and is 
shown in Figure 16. The residual plot is shown in Figure 40 (Appendix H).
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TABLE 22
OBSERVED AND SIMULATED ANNUAL NITROGEN LOSS OF 
NON-SUBSURFACE DRAINED PLOT
Year Observed
(kg/ha)
Simulated
(kg/ha)
% Error
CO 00 a + 3.107 6.008 93.4
1982 4.899 6.306 28.7
1983 26.095 22.060 -15.5
1984 0.811 7.505 825.4
1985 5.757 7.803 35.6
1986 2.948 6.183 109.7
1987 8.942 14.288 59.8
Total 52.559 71.153 35.4
+ Excluding the months of January and February.
The ANOVA test (Table 58, Appendix H) was conducted on the relationship 
given by Equation 38. It was concluded that a significant linear relationship exists 
between simulated and observed monthly nitrogen loss. However, a t-test (Table 
58, Appendix H) demonstrated that the slope of the regression line was statistically 
different from 1.0 and the intercept was statistically different from zero. The 
standard deviation of differences and the absolute average differences between 
the observed and predicted data are presented in Table 23.
The observed annual average nitrogen loss was 7.508 kg/ha with the ranges 
between 0.811 kg/ha (1984) and 26.095 kg/ha (1983). The observed monthly 
values range from 0 kg/ha to 13.457 kg/ha with an average of 0.641 kg/ha. As for
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the Subsurface Drained Plot, an outlier test (Table 59, Appendix H) demonstrated 
that the data for the months of April (observed nitrogen loss was 13.457 kg/ha) 
and May (observed nitrogen loss was 8.696 kg/ha) 1983 were an outlier. The new 
regression equation (Equation 39) was developed by excluding the months of April 
and May 1983.
NSm = 0.31 + 1.07 Nom (39)
r = 0.67
This relationship is shown in Figure 17. The ANOVA test (Table 60, Appendix
H) demonstrated that a significant linear relationship exists between simulated and 
observed monthly nitrogen loss. The slope of the regression line was not 
statistically different from 1.0 and the intercept was not statistically different from 
zero (Table 60, Appendix H). In general, Equation 39 gives better prediction of 
monthly nitrogen loss compared to Equation 38. The slope and the intercept of 
the new regression equation is closer to unity and zero, respectively. The values 
of the standard deviation of differences and absolute average differences are 
smaller compare the one that obtained by Equation 38. The rediual plot is shown 
in Figure 41 (Appendix H). The summary of error statistics is presented in Table
23.
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TABLE 23
ERROR STATISTICS COMPUTED TO EVALUATE CREAMS NUTRIENT 
SUBMODEL PREDICTIONS ON NITROGEN LOSS (kg/ha)
Statistics All data included Excluding the months of 
April and May 1983
Subsurface Non-Subsurface Subsurface Non-Subsurface
STDD 0.93 1.29 0.60 0.96
ADIF 0.36 0.61 0.27 0.51
CHAPTER 6 
THE MODIFIED DRAINMOD-CREAMS MODEL
Introduction
The main purpose of this research is to enable CREAMS nutrient submodel 
to simulate the nitrogen loss from the Subsurface Drained Plot and modify the 
CREAMS nutrient submodel to improve the prediction of the nitrogen loss. The 
DRAINMOD-CREAMS model, the model that simulates the surface runoff 
volume and sediment loss from the Subsurface Drained Plot, is modified to 
incorporate the CREAMS nutrient submodel. The CREAMS nutrient submodel 
is also modified to improve the prediction of the nitrogen loss.
As shown in Figure 1, nitrogen is lost through the process of denitrification, 
ammonium volatilization, plant uptake, and leaching. Surface runoff volume and 
sediment loss also contained nitrogen. Therefore good prediction of surface 
runoff volume and sediment loss are required to produce a satisfactory result 
of nitrogen loss prediction.
In general, the performance of the DRAINMOD-CREAMS model in 
simulating the surface runoff is satisfactory. However, the prediction of the 
sediment loss from the Non-Subsurface Drained Plot is not as good as in the 
Subsurface Drained Plot. Therefore, two attempts were made in order to 
improve the prediction of the nitrogen loss. First, modify the CREAMS erosion 
Submodel and second, modify the CREAMS nutrient Submodel.
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Modification of the CREAMS Erosion Submodel
The performance of the model depends on the accuracy of the input 
parameters and the algorithm of the processes. Due to the time constraint and 
the complexity of the erosion processes, only the accuracy of the input 
parameters will be studied in this project. The acceptance of the erodibility 
value (K) and the storm energy (storm El) by the CREAMS erosion submodel 
were investigated in this study.
Erodibility Value
Current usage of a single erodibility value (K) in the DRAINMOD-CREAMS 
model assumes that soil has an inherent erodibility that is constant throughout 
the year. However, the erodibility of the soil can vary with variation in soil 
moisture. Consequently, this will result in an error in simulating the sediment 
loss. The DRAINMOD-CREAMS model can be modified to use the monthly 
values of K instead of a single value as used in the original model. First, the 
sensitivity of the model on the erodibility parameter was tested by using several 
values of K. Three runs were made using K-value of 0.44, 0.63, and 0.82 
ton/acre/English El. If the model is sensitive to K-value, the source program will 
be modified to accept monthly values of K.
The performance of the modified model was compared to the original model 
by the following methods: linear regression analysis between the observed and 
simulated data, a t-test on the intercept and slope of the relationship obtained
from regression analysis, and percent error (PE).
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Results and Discussion. The observed and simulated annual and 
monthly values of sediment loss are shown in Table 24 and Table 61 (Appendix
I), respectively. The model simulated the sediment loss within 0.1 percent with 
the K-value of 0.63 or 0.82 tons/acre/English El. The use of smaller K-value 
tends to underestimate the total sediment loss.
TABLE 24
OBSERVED AND SIMULATED ANNUAL SEDIMENT LOSS OF SUBSURFACE 
DRAINED PLOT FOR THREE RUNS OF K-VALUE
Year Observed
Sediment
Loss
(kg/ha)
Sediment loss for the specific K- 
value
K=0.44 K=0.63 K=0.82
1981 412.5 1482.0 1753.7 1704.3
1982 2587.5 3548.0 3260.4 2988.7
1983 5469.7 4569.5 4865.9 5063.5
1984 1494.7 1062.1 963.3 938.6
1985 5162.0 2618.2 2939.3 2939.3
1986 3574.1 3408.6 3606.2 3458.0
1987 3826.4 2692.3 2865.2 3161.6
Total 22526.9 19290.7 20254.0 20254.0
% Error -14.4 -10.1 -10.1
A regression analysis was made between simulated and observed sediment
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loss on monthly basis. The ANOVA test demonstrated that a significant linear 
relationship exists between simulated and observed monthly sediment loss for all 
runs. The results of the regression analysis shown in Table 25 suggests that the 
sediment loss is not sensitive to K-value. Therefore, it can be concluded that by 
using the monthly values of K it will not significantly improve the prediction of 
sediment loss. The model will not be modified to use monthly values of K. K- 
value of 0.63 tons/acre/English El gave the best fit and was adopted as the best 
K-value estimate.
TABLE 25
SUMMARY OF REGRESSION EQUATION BETWEEN MONTHLY OBSERVED 
AND SIMULATED SEDIMENT LOSS FROM SUBSURFACE DRAINED PLOT
FOR THREE RUNS OF K-VALUE
K-value (ton/ac/Eng lish El)
K=0.44 K=0.63 K=0.82
Intercept 36.20 36.55 40.07
Slope 0.72 0.76 0.75
r* 0.72 0.75 0.78
S.E** 0.08 0.07 0.07
r = correlation coenicient 
**S.E = standard error
Storm Energy
Storm El (storm energy times maximum 30-minute intensity) is one of the 
parameters used by CREAMS in simulating the soil loss. Two different equations 
are used by CREAMS to calculate the storm El depending on rainfall data supplied
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in the hydrology input. When breakpoint rainfall is used, storm El is computed 
using standard USLE procedures. Storm energy per unit of rainfall is given by:
e = 916 + 331 log10 i (40)
where e is rainfall energy per unit of rainfall (ft-tons/acre-in) and i is rainfall 
intensity (in/hr). When daily rainfall amounts are used, storm El is estimated from:
El = 8.0 VR 1-51 (41)
r = 0.75
where, VR is the volume of rainfall (in.) and El in the unit of [(100 ft- 
tons/acre)(in/hr)]. DRAINMOD-CREAMS used equation (41) to calculate the storm 
El.
It was suspected that estimation of the storm El by using equation (41) did not 
represent the high intensity rain in southern Louisiana especially during the late 
spring and summer seasons. As reported by Breve et al. (1990), the summer 
season represents 36% of the annual erosion potential for southern Louisiana. 
The summer storms produce very high rainfall intensities, which are reflected in 
the computed large rainfall erosion indices.
Based on the above report, a new regression equation was developed to 
represent the rainfall pattern of southern Louisiana. The late spring and summer 
rainfall (April to August) is separated from the other season.
Results and Discussion. The rainfall amount (in.) and calculated storm El 
[(100 ft-tons/acre)(in/hr)] used in developing new storm El prediction for the
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months of April to August and the months of September to March are shown in
Table 62 (Appendix J) and Table 63 (Appendix J), respectively. The data
consisted of nine years of data (1981-1989) collected at Ben Hur Research Farm, 
Baton Rouge, Louisiana.
The regression analysis gave the following relationship between the calculated 
storm El and rainfall amount:
For the months of April to August:
El = 10.7Vr168 (42)
r = 0.90
For the months of September to March:
El = 5.64VR150 (43)
r = 0.73
These relationships are shown in Figure 18 and Figure 19, respectively. 
Summary of the statistical analyses calculated between In rain and In storm El is 
presented in Table 64 and Table 65 (Appendix K). The residual plots are shown 
in Figure 42 and Figure 43 (Appendix K). Annual and monthly storm El values 
calculated by DRAINMOD-CREAMS model and modified Equation (Equation 42 
and Equation 43) for Ben Hur Research Farm are shown in Table 26 and Table 
66 (Appendix L), respectively.
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TABLE 26
ANNUAL VALUES OF STORM El FOR BEN HUR RESEARCH FARM 
CALCULATED BY DRAINMOD-CREAMS MODEL AND MODIFIED EQUATION
Year Storm El [100ft-ton/ac(ac/hr)] 
calculated by
DRAINMOD-
CREAMS
Modified
Equation
1981 353.65 368.03
1982 508.17 463.66
1983 668.08 822.54
1984 328.76 304.75
1985 522.27 537.19
1986 469.61 426.77
1987 565.98 620.83
Average 488.07 506.25
The annual average (1981 -1987) storm El calculated by DRAINMOD-CREAMS 
model and modified DRAINMOD-CREAMS model were 488.07 and 506.25, 
respectively. The annual average value calculated by the modified DRAINMOD- 
CREAMS model was in a good agreement with the one reported by Breve et al. 
(1990) and Wischmeier and Smith (1978). The annual average value for southern 
Louisiana as reported by Breve et al. (1990) Wischmeier and Smith (1978) was 
538 and 515, respectively.
The DRAINMOD-CREAMS model was modified to calculate the storm El value 
by using the equation (42) and equation (43). The modified DRAINMOD-CREAMS 
model was used to simulate the sediment loss from Subsurface Drained Plot and
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Non-Subsurface Drained Plot.
Subsurface Drained Plot
Annual and monthly observed and simulated sediment loss are presented in 
Table 27 and Table 67 (Appendix M), respectively. The total simulated sediment 
loss for the 7-year period was 8.3 percent less than the total observed sediment 
loss or 2.1 percent greater than the total sediment loss simulated by the 
DRAINMOD-CREAMS model.
TABLE 27
OBSERVED AND SIMULATED ANNUAL SEDIMENT LOSS OF SUBSURFACE 
DRAINED PLOT (MODIFIED STORM El CALCULATION)
Year Observed 
Sediment Loss 
(kg/ha)
Simulated 
Sediment 
Loss (kg/ha)
1981 412.5 1605.5
1982 2587.5 3581.5
1983 5469.7 5162.3
1984 1494.7 1062.1
1985 5162.0 2741.7
1986 3574.1 3507.4
1987 3826.4 3013.4
Total 22526.9 20673.9
The relationship between monthly observed and simulated sediment loss is 
given by equation 44 and is shown in Figure 20.
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Ssw — 50.52 + 0.81 SOM (44)
r = 0.67
The slope, intercept, and the correlation coefficient of the Equation 44 is slightly 
improved compared to Equation 34. However, the model overestimated the total 
sediment loss by 2.2 percent. The ANOVA test (Table 69, Appendix N) 
demonstrated that a significant linear relationship exists between simulated and 
observed monthly sediment loss. At-test (Table 69, Appendix N) was done on the 
intercept and slope of the relationship shown by Equation 44. It was found that 
the slope of the regression line was not statistically different from 1.0 and the 
intercept was not statistically different from zero. A residual plot is shown in Figure 
44 (Appendix N).
Non-Subsurface Drained Plot
Annual and monthly observed and simulated sediment loss are shown in Table 
28 and Table 68 (Appendix M), respectively. Equation 45 gave the relationship 
between the monthly observed and simulated sediment loss. These relationships 
are shown in Figure 21. The total simulated sediment loss was 18.3 percent less 
than the total observed sediment loss.
In general, modification of storm El calculation did not significantly improves 
the prediction of the sediment loss from non-subsurface drained plot.
^ sm “  116.31 + 0.56 Sqm 
r = 0.67
(45)
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Drained Plot (DRAINMOD-CREAMS Model, 
Modified Storm El).
93
TABLE 28
OBSERVED AND SIMULATED ANNUAL SEDIMENT LOSS OF NON­
SUBSURFACE DRAINED PLOT (MODIFIED STORM El CALCULATION)
Year Observed 
Sediment Loss 
(kg/ha)
Simulated 
Sediment 
Loss (kg/ha)
1981 592.5 2297.1
1982 3582.5 4791.8
1983 7200.3 8274.5
1984 2968.3 2247.7
1985 10012.7 4050.8
1986 5560.2 4989.4
1987 8652.1 4865.9
Total 38568.6 31517.2
The ANOVA test (Table 70, Appendix N) demonstrated that a significant linear 
relationship exists between simulated and observed monthly sediment loss. A t- 
test (Table 70, appendix N) demonstrated that the slope of the regression line was 
statistically different from 1.0 and the intercept was statistically different from zero. 
A residual plot is shown in Figure 45 (Appendix N).
Based on the above result, it is concluded that the sediment loss is moderately 
sensitive to storm El. Therefore, the model will not be modified to use the 
modified equation of storm El estimation.
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Incorporation the CREAMS Nutrient Submodel 
into DRAINMOD-CREAMS MODEL
Two modifications are required. First, the CREAMS nutrient submodel source 
file (fortran language) was modified to run under unix system. Second, the 
DMSHELL program, the program that displays a menu screen and creates a batch 
file for DRAINMOD-CREAMS model, was modified to run a CREAMS modified 
nutrient submodel (option 6, Figure 24). The original DMSHELL program and the 
modified DMSHELL program were written in QuickBasic version 4.0.
Figure 23 and Figure 24 show the menu screen created by DMSHELL program 
and modified DMSHELL program, respectively.
File: DRAINMOD MANAGER PROGRAM FOR CREAMS EROSION CONNECTION
Screen: OPTIONS
DRAINMOD MANGER 4.05, (QuickBasic 4.0 (c) 1987, MICROSOFT CORP.) 
SELECT ONE:
1 Prepare dataset for DRAINMOD
2 Run DRAINMOD (allows a batch of simulations)
3 Graph rainfall and water table depths
4 CREAMS Part 1: Run DRAINMOD to set up CREAMS Pass file
5 CREAMS Part 2: Run CREAMS Erosion submodel
6 Prepare output files for observed vs. predicted graphing
7 Graph observed vs. predicted data
8 Exit
Figure 22. The DRAINMOD-CREAMS menu screen
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File: DRAINMOD MANAGER PROGRAM FOR CREAMS EROSION/NUTRIENT CONNECTION 
Screen: OPTIONS
DRAINMOD MANGER 4.05, (QuickBasic 4.0 (c) 1987, MICROSOFT CORP.)
SELECT ONE:
1 Prepare dataset for DRAINMOD
2 Run DRAINMOD (allows a batch of simulations)
3 Graph rainfall and water table depths
4 CREAMS Part 1: Run DRAINMOD to set up CREAMS Pass file
5 CREAMS Part 2: Run CREAMS Erosion submodel
6 CREAMS Part 3: Run Modified CREAMS Nutrient submodel
7 Prepare output files for observed vs. predicted graphing
8 Graph observed vs. predicted data
9 Exit
Figure 23. The modified DRAINMOD-CREAMS menu screen
Modification of the CREAMS Nutrient Submodel
Background
The CREAMS denitrification algorithm is a function of the number of days of 
drainage from the bottom layer of the profile. The assumption is that while 
drainage is occurring and the soil profile moisture content is above field capacity, 
anaerobic conditions persist in the soil thus enabling denitrification (Knisel, 1980). 
The equations used by CREAMS model to estimate the denitrification were
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discussed in Chapter 2 (Equation 24, 25, 26, 27 and Equation 28).
Development of New Algorithm
Rolston et al. (1984) proposed a simulation model in which the denitrification 
rate was considered to be a function of nitrate concentration, water-extractable 
organic carbon concentration, degree of soil water saturation, and temperature 
given by:
F = k0fwfTCN (46)
where,
F = denitrification rate (mg N m'3 soil day'1),
C = water-soluble organic carbon concentration (mg C kg'1 soil),
N = nitrate concentration (mg N m'3 H20),
0 = volumetric water content (m3 HzO m'3 soil), 
k = denitrification rate coefficient (kg soil mg'1 C d'1), 
fw = water function, and 
fT = temperature function.
Grundmann and Rolston (1987) defined water function ( f j  as:
fw = [((0/0s) - 0.62)/0.38]1'74 for 0/0s>O.62 (47)
where,
0 = volumetric water content, and
0S = volumetric water content at saturation
The CREAMS denitrification algorithm is modified to account for the high soil
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moisture conditions by incorporating water function together with the appropriate 
conversion factors in equation (48).
DNI = N03*DKT*DP*fw*100000.0/(RZMAX*AWC) (48)
where DNI, N03, DKT.and DP are as defined previously, 
fw = water function,
RZMAX = root depth (mm), and
AWC = Average volumetric water content (mm3/mm3).
The source code of the modified CREAMS nutrient submodel is presented in 
Appendix O.
Evaluation of the Modified DRAINMOD-CREAMS model
The modified DRAINMOD-CREAMS was used to simulate nitrogen loss from 
subsurface drained plot and non-subsurface drained plot by using the same input 
parameters as used by the CREAMS nutrient submodel.
Subsurface Drained Plot
The annual values are presented in Table 29. The modified DRAINMOD- 
CREAMS model overestimated the annual total for all years except for the years 
1983 and 1985. The model seriously overestimated the total nitrogen loss for the 
year 1984 and underestimated for the year 1983. The model underestimated the 
total nitrogen loss by 6.2 percent. Except for the years of 1983 and 1985, the
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yearly percent error is smaller than the one obtained by CREAMS model. The 
observed and simulated nitrogen loss accumulated by months is shown in Figure
24.
TABLE 29
OBSERVED AND SIMULATED ANNUAL NITROGEN LOSS OF SUBSURFACE 
DRAINED PLOT (MODIFIED DRAINMOD-CREAMS MODEL)
Year Observed
(kg/ha)
Simulated
(kg/ha)
% Error
1981" 1.962 4.530 130.9
1982 2.540 2.597 2.2
1983 12.745 6.181 -51.5
1984 0.899 2.312 157.2
1985 5.084 4.421 -14.0
1986 1.552 2.363 52.3
1987 4.544 5.115 12.6
Total 29.326 27.519 -6.2
+ Excluding the months of January and February.
The monthly observed and simulated nitrogen loss values are tabulated in 
Table 71 (Appendix P) and their relationship is given in Equation 49 and shown in 
Figure 25.
Nsm = 0.21 + 0.34 Nom (49)
r = 0.55
The ANOVA test (Table 73, Appendix Q) demonstrated that a significant linear 
relationship exists between monthly simulated and observed nitrogen loss as given
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by Equation 49. However, a t-test (Table 73, Appendix Q) demonstrated that the 
slope of the regression line was statistically different from 1.0 and the intercept 
was statistically different from zero. The residual plot is shown in Figure 46 
(Appendix Q).
As discussed in Chapter 5, the data for the months of April and May 1983 
were an outliers. Equation 50 was obtained by deleting those data.
Nsm = 0.07 + 1.06 Nom (50)
r = 0.73
This relationship is shown in Figure 26. A significant linear relationship exists 
between monthly simulated and observed nitrogen loss as given by Equation 50 
(Table 74, Appendix Q). The slope of the regression line was not statistically 
different from 1.0 and the intercept was not statistically different from zero (Table 
74, Appendix Q). The residual plot is shown in Figure 47 (Appendix Q). Table 31 
shows error statistics calculated to evaluate the performance of the modified 
DRAINMOD-CREAMS model in simulating nitrogen loss.
The intercept and the slope of Equation 50 is closer to zero and unity, 
respectively, compared to Equation 37. The standard deviation of differences and 
the absolute average differences calculated between the observed and simulated 
nitrogen loss by the modified DRAINMOD-CREAMS model are smaller than the 
one computed by CREAMS model. These indicate that the modified DRAINMOD- 
CREAMS model improved the prediction of nitrogen loss from subsurface drained 
plot.
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Non-Subsurface Drained Plot
Annual and monthly observed and simulated nitrogen loss are shown in Table 
30 and Table 72 (Appendix P), respectively. The modified DRAINMOD-CREAMS 
model overestimated the annual total for all years except for the years 1982 and 
1983. As for subsurface drained plot, the model seriously underestimated the 
nitrogen loss for the year 1983. However, the performance of the modified 
DRAINMOD-CREAMS model in predicting 7-year period of nitrogen loss is 
satisfactory. The model underestimated the total nitrogen loss by 2.2 percent 
compared to 35.4 percent overestimation by CREAMS model. Figure 27 shows 
the observed and simulated annual loss accumulated by months.
TABLE 30
OBSERVED AND SIMULATED ANNUAL NITROGEN LOSS OF 
NON-SUBSURFACE DRAINED PLOT (MODIFIED DRAINMOD-CREAMS
MODEL)
Year Observed
(kg/ha)
Simulated
(kg/ha)
% Error
1981" 3.107 5.401 73.8
1982 4.899 4.307 -12.1
1983 26.095 16.170 -38.0
1984 0.811 3.984 391.2
1985 5.757 5.865 1.9
1986 2.948 3.629 23.1
1987 8.942 12.063 34.9
Total 52.559 51.419 -2.2
+ Excluding the months of January and February.
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The relationship between the monthly observed and simulated nitrogen loss is 
given by Equation 51 and is shown in Figure 28.
Nsm = 0.29 + 0.52 Nom (51)
r = 0.71
The ANOVA test (Table 75, Appendix Q) demonstrated that a significant linear 
relationship exists between simulated and observed nitrogen loss as given by 
Equation 51. However, a t-test (Table 75, Appendix Q) demonstrated that the 
slope of the regression line was statistically different from 1.0 and the intercept 
was statistically different from zero. The residual plot is shown in Figure 48 
(Appendix Q).
Equation 52 was obtained by deleting the data for the months of April and May 
1983.
NSm = 0.16 + 0.97 Nom (52)
r = 0.70
This relationship is shown in Figure 29. A significant linear relationship exists 
between monthly simulated and observed nitrogen loss as given by Equation 52 
(Table 76, Appendix Q). The slope of the regression line was not statistically 
different from 1.0 and the intercept was not statistically different from zero (Table
76, Appendix Q). The residual plot is shown in Figure 48 (Appendix Q).
In general, Equation 52 (modified DRAINMOD-CREAMS model) gives slightly 
better prediction of nitrogen loss compared to Equation 39 (CREAMS model), as 
indicates by the slope of the regression equation is closer to unity, the intercept
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is closer to zero, correlation coefficient is higher, and smaller values of the 
standard deviation of differences and absolute average differences.
TABLE 31
ERROR STATISTICS COMPUTED TO EVALUATE MODIFIED DRAINMOD- 
CREAMS MODEL PREDICTIONS ON NITROGEN LOSS AT BEN HUR
RESEARCH FARM, LOUISIANA
Statistics All data included Excluding the months of 
April and May 1983
Subsurface Non-Subsurface
Subsurface Non-
Subsurface
STDD 0.89 1.31 0.44 0.78
ADIF 0.32 0.52 0.22 0.37
The average annual denitrification value (Table 32) simulated by modified 
DRAINMOD-CREAMS model was higher than the one predicted by CREAMS 
model for both plots. This result is expected because the modified DRAINMOD- 
CREAMS model uses a water function in the denitrification algorithm to reflect the 
degree of soil saturation. The CREAMS model uses the number of days of 
percolation which is the false indicator of degree of saturation.
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TABLE 32
SIMULATED YEARLY TOTAL DENITRIFICATION (kg/ha) OF 
BEN HUR RESEARCH FARM, LOUISIANA
Year Subsurface Drained Plot Non-Subsurface Drained 
Plot
CREAMS M D-CREAMS* CREAMS M D-CREAMS*
1981 301.02 341.11 390.77 352.38
1982 255.48 271.70 278.39 280.92
1983 211.26 268.42 230.34 271.62
1984 270.13 265.60 258.73 269.94
1985 260.08 278.39 281.96 283.83
1986 197.86 234.48 208.32 239.86
1987 223.92 280.29 242.40 289.30
Average 245.68 277.14 258.56 283.98
Moditied u RAINMOD-C REAMS Model
CHAPTER 7 
SUMMARY AND CONCLUSION
Summary
The DRAINMOD model can be used to design efficient agricultural water 
management systems. The design and operation of each component of a water 
management system should be dependent on soil properties, topography, 
climate, crops grown and trafficability requirements. The model is a computer 
simulation program which predicts on an hour-by-hour, day-by-day basis the 
water table position, soil water content, evapotranspiration, drainage, and 
surface runoff for given climatological data, soil and crop properties, and water 
management system design parameters.
The CREAMS model was developed to provide field-scale simulation of 
hydrology, erosion, nutrient and pesticide yield from agricultural watersheds. 
The CREAMS model can be used to investigate the level of nutrient (nitrogen 
and phosphorus) and sediment flowing into the stream.
Parson and Skaggs (1988) combined the DRAINMOD model and the 
CREAMS erosion submodel. They replaced the CREAMS hydrology component 
with DRAINMOD and modified DRAINMOD to create a passfile of hydrologic 
parameters for input to the CREAMS erosion submodel. This model is called 
DRAINMOD-CREAMS model. The combined model (DRAINMOD-CREAMS) can 
be used to design efficient agricultural water management systems and predict
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sediment losses from agricultural watersheds.
The performance of the DRAINMOD-CREAMS model in predicting surface 
runoff and sediment loss was tested on Subsurface Drained Plot and Non- 
Subsurface Drained Plot located at Ben Hur Research Farm, Louisiana. The 
sensitivity of the sediment loss prediction on erodibility value and rainfall 
erosivity was conducted on Subsurface Drained Plot.
The CREAMS nutrient submodel was validated on both plots. Then the 
CREAMS nutrient submodel was modified and incorporated into the 
DRAINMOD-CREAMS model. This model is called the Modified DRAINMOD- 
CREAMS model. The Modified model can be used to design efficient 
agricultural water management systems, predict sediment losses, and predict 
nitrogen and phosphorus losses from agricultural watersheds.
The Modified DRAINMOD-CREAMS model was evaluated on both plots.
The results from the evaluation of the DRAINMOD-CREAMS model can be 
summarized as follows:
Surface Runoff - Subsurface Drained Plot: the total simulated surface runoff 
for the 7-year testing period was 7.7 percent greater than the total observed 
surface runoff. The relationship between simulated and observed monthly 
surface runoff is given by equation 32.
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where and QOM are monthly simulated and observed surface runoff in cm.
The slope of the regression line was not statistically different from 1.0 and 
the intercept was statistically different from zero.
Surface Runoff - Non-Subsurface Drained Plot: the total simulated surface 
runoff was 25.1 percent greater than the total observed surface runoff. 
Regression analysis gave Equation 33 as the relationship between simulated 
and observed monthly surface runoff:
Qsm = 0.81 + 1.04 QqM (33)
r = 0.92
The slope of the regression line was not statistically different from 1.0 and the 
intercept was statistically different from zero.
Sediment Loss - Subsurface Drained Plot: the total simulated sediment loss 
was 10.1 percent less than the total observed sediment loss. The regression
analysis gave the following relationship between monthly simulated and
observed monthly sediment loss.
Ss„ = 36.54 + 0.76 SOM (34)
r = 0.75
where and SOM are simulated and observed monthly sediment loss in kg/ha. 
It was found that the regression line was statistically different from 1.0 and the 
intercept was not statistically different from zero.
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Sediment Loss - Non-Subsurface Drained Plot: the total simulated sediment 
loss was 11.0 percent less than the total observed sediment loss. Regression 
analysis gave Equation 35 as the relationship between simulated and observed 
monthly sediment loss:
SgM = 129.83 + 0.61 SOM (35)
r = 0.66
It was found that a significant linear relationship exists between the simulated 
and observed monthly sediment loss and the intercept was not statistically 
different from zero. However, the slope of the regression equation was 
statistically different from 1.0.
The results from the evaluation of the CREAMS nutrient submodel can be 
summarized as follows:
Nitrogen Loss - Subsurface Drained Plot: the model overestimated total 
nitrogen loss by 11.4 percent. The regression analysis gave the following 
relationship between the simulated and monthly observed nitrogen loss.
Nsm = 0.25 + 0.42 NOM (36)
r = 0.54
where and NOM are monthly simulated and observed nitrogen loss in kg/ha.
A significant linear relationship exists between simulated and observed
monthly nitrogen loss. However, the slope of the regression line was
statistically different from 1.0 and the intercept was statistically different from
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zero. Equation 37 was obtained by deleting the data for the months of April and 
May 1983. The slope of the regression line was not statistically different from
1.0 and intercept was not statistically different from zero.
Nsm = 0.09 + 1.24 Nom (37)
r = 0.68
Nitrogen Loss - Non-Subsurface Drained Plot: the model overestimated the 
total nitrogen loss by 35.4 percent. The relationship between the observed and 
simulated monthly nitrogen loss is given by Equation 38.
Nsm = 0.40 + 0.71 Nom (38)
r = 0.75
A significant linear relationship exists between simulated and observed
monthly nitrogen loss. However, the slope of the regression line was
statistically different from 1.0 and the intercept was statistically different from 
zero. Equation 39 was obtained by deleting the data for the months of April and 
May 1983. The slope of the regression line was not statistically different from
1.0 and intercept was not statistically different from zero.
Nsm = 0.31 +1.07 N o m  (39)
r = 0.67
The modification of DRAINMOD-CREAMS model was accomplished by 
linking the CREAMS nutrient submodel into the DRAINMOD-CREAMS model 
and incorporating the Grundmann and Rolston (1987) water function in the
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CREAMS denitrification algorithm.
The results from the evaluation of the Modified DRAINMOD-CREAMS 
nutrient submodel can be summarized as follows:
Nitrogen Loss - Subsurface Drained Plot: the model underestimated total 
nitrogen loss by 6.2 percent. The relationship between simulated and observed 
monthly nitrogen loss is given by Equation 49.
NSm = 0.21 + 0.34 Nom (49)
r = 0.55
A significant linear relationship exists between simulated and observed
monthly nitrogen loss. However, the slope of the regression line was
statistically different from 1.0 and the intercept was statistically different from 
zero. Equation 50 was obtained by deleting the data for the months of April and 
May 1983. The slope of the regression line was not statistically different from
1.0 and intercept was not statistically different from zero.
Nsm = 0.07 +1.06 Nom (50)
r = 0.73
Nitrogen Loss - Non-Subsurface Drained Plot: the model underestimated the 
total nitrogen loss by 2.2 percent. The relationship between the observed and 
simulated monthly nitrogen loss is expressed by Equation 51.
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= 0.29 + 0.52 NOM (51)
r = 0.71
A significant linear relationship exists between simulated and observed 
monthly nitrogen loss. However, the slope of the regression line was 
statistically different from 1.0 and*the intercept was statistically different from 
zero. Equation 52 was obtained by deleting the data for the months of April and 
May 1983. The slope of the regression line was not statistically different from
1.0 and intercept was not statistically different from zero.
In general, the Modified DRAINMOD-CREAMS model improved the 
prediction of nitrogen loss from both plots. Except for the standard deviation of 
differences of subsurface drained plot (Table 31), the error statistics calculated 
from the modified model are lower than the one obtained by the original 
DRAINMOD-CREAMS model (Table 23).
The DRAINMOD-CREAMS model overestimated the surface runoff by 7.7 
percent and 25.1 percent from Subsurface Drained Plot and Non-Subsurface 
Drained Plot, respectively. The standard deviation of differences and average 
absolute difference comparing the observed and simulated values are smaller 
in the Subsurface Drained Plot. Therefore, it can be concluded that the
N s m  = 0.16+ 0.97 NOM (52)
r = 0.70
Conclusion
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DRAINMOD-CREAMS model predicts the surface runoff better in Subsurface 
Drained Plot compared to Non-Subsurface Drained Plot. In general, the 
performance of the DRAINMOD-CREAMS model in simulating the surface runoff 
in southern Louisiana is satisfactory.
An attempt was made to improve the DRAINMOD-CREAMS prediction of 
sediment loss by using monthly value of soil erodibility value and new equation 
that used to estimate rainfall erosivity. Before the model is modified, the 
sensitivity of the sediment loss prediction on soil erodibility and rainfall erosivity 
was conducted. Three runs were made using erodibility value of 0.44, 0.63, 
and 0.82 ton/ac/English El. The model underestimated the sediment loss from 
Subsurface Drained Plot by 14.4 percent with erodibility value of 0.44 and 10.1 
percent with erodibility values of 0.63 and 0.82. It was concluded that the 
DRAINMOD-CREAMS model is not sensitive to soil erodibility value and 
modifying the model to accept the monthly soil erodibility values will not 
significantly improved the sediment loss prediction. The sediment submodel 
was not modified to accept the monthly value of soil erodibility values.
It was observed that the intensity of rainfall at southern Louisiana in late 
spring and summer seasons (April to August) was very high. The new 
regression equation was developed to estimate the rainfall erosivity for late 
spring and summer season and for other months. The total simulated 
sediment loss from Subsurface Drained Plot for the 7-year period was 8.3 
percent less than the total observed sediment loss or 2.1 percent greater than
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the total sediment loss predicted by the DRAINMOD-CREAMS model. It was 
concluded that the DRAINMOD-CREAMS model is moderately sensitive to 
rainfall erosivity. The sediment submodel was not modified to use different 
equation of rainfall erosivity estimation.
The CREAMS model overestimated the total nitrogen loss from Subsurface 
Drained Plot by 61 percent and 91 percent from Non-Subsurface Drained Plot. 
The DRAINMOD-CREAMS model was modified by introducing a water function 
in the CREAMS denitrification algorithm and incorporated into the DRAINMOD- 
CREAMS model. The Modified model overestimated the total nitrogen loss from 
Subsurface Drained Plot by 36 percent and 40 percent from Non-Subsurface 
Drained Plot. The Modified DRAINMOD-CREAMS model significantly improved 
the prediction of the nitrogen loss from Subsurface Drained Plot and Non- 
Subsurface Drained Plot by reducing an error by 25 percent and 51 percent, 
respectively. The ability of the Modified model to simulate these two plots 
without calibration demonstrates its applicability for ungaged simulation to 
evaluate the relative effects of changes in management practices.
Recommendation for Future Research
The following suggestions are made for future research:
1. The DRAINMOD-CREAMS model should be modified to accept several 
sets of the rooting depth depending on the amount of rainfall during the 
growing season.
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2. More work is needed to improve the sediment loss prediction.
3. Experimental data relating denitrification and mineralization to different 
water contents characteristic should be collected and compared against 
the Modified DRAINMOD-CREAMS model.
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APPENDIX A
A BASIC PROGRAM TO CONVERT BREAKPOINT RAINFALL TO HOURLY
DATA
125
10
20
30
40
50
60
70
80
90
100
110
120
130
140
150
160
170
180
190
2 00
210
2 20
230
240
250
260
270
280
290
300
310
320
330
340
350
360
370
380
390
400
410
420
430
440
450
460
470
480
490
500
510
520
530
540
550
560
570
580
590
600
610
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' PROGRAM NAME : RAIN.BAS; USED TO CONVERT BREAKPOINT
' RAINFALL TO HOURLY DATA
CLS
LOCATE 2,13; PRINT "PROGRAM TO CONVERT BREAKPOINT TO 
HOURLY RAINFALL"
LOCATE 3,13: PRINT "DEVELOPED BY ABDUL SALEH, LSU" 
LOCATE 15,1: PRINT 
LOCATE 16,15
LINE INPUT "ENTER INPUT FILE NAME: "F$
LOCATE 17,15
INPUT "ENTER YEAR: “YEAR 
LOCATE 18,15
LINE INPUT "ENTER OUTPUT FILE NAME: ";M$
OPEN "I",1,F$
OPEN "O",2,M$
STAT=23 6487
Y=0
CLS
LOCATE 14,30:PRINT "CONVERSION IN PROGRESS"
DIM H%(24),D%(24),TA%(30),TL%(30),TEMP%(30)
INPUT #1,MO%,DA%,RE%
LOCATE 16,35: PRINT "YEAR ==> ";YEAR 
LOCATE 17,35: PRINT "MONTH ==> ";MO%
LOCATE 18,35: PRINT " DAY ==> “;DA%
IF MO%=-l THEN 1040
GOSUB 650
FOR X=1 TO RE%
INPUT #1,STA%,STO%,DP%
IF STO%=2400 THEN STO%=23 59
IF STA%>=STO% THEN 960 ELSE 300
PR=(STO%-STA%)- (STO%\100-STA%\100)*40
DPS=DP%/PR
IF STO% MOD 100=0 THEN 33 0 ELSE 350 
NH%=(STO%\100-STA%\100)
GOTO 360
NH%=(STO%\100-STA%\100)+1 
A%=(STA%\100)+1 
TA%(X)=A%
IF STO% MOD 100=0 THEN 390 ELSE 410 
LH%=(STO%\10 0)
GOTO 420
LH%=(STO%\100)+1 
TL%(X)=LH%
IF NH%=1 THEN GOSUB 690 ELSE GOSUB 7 50 
NEXT X
PRINT #2,USING "######";STAT;
PRINT #2,USING "######";YEAR;
IF MO%<10 THEN 480 ELSE 510 
PRINT #2, USING "#";Y;
PRINT #2,USING "##";MO%;
GOTO 520
PRINT #2, USING "##";MO%;
IF DA%<10 THEN 530 ELSE 560 
PRINT #2,USING "#";Y;
PRINT #2,USING "#";DA%;
GOTO 57 0
PRINT #2,USING “##";DA%;
PRINT #2,USING "######";H%{1);
FOR E=2 TO 24
PRINT #2,USING "####";H%(E);
NEXT E 
PRINT #2,
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620 GOTO 200 
630 '
640 FOR 1=1 TO 24 
650 H%(I)=0 
660 NEXT I 
67 0 RETURN 
680 '
690 H%(A%)=DP%
7 00 TEMP%(X)=H%(A%)
710 IF TA%(X)=TL%(X-l) THEN H%(A%)=H%(A%)+TEMP%(X-l)
720 TEMP%(X)=H%(A%)
730 RETURN 
740 '
750 D%(A%)=60-(STA% MOD 100)
760 IF STO% MOD 100=0 THEN D%(LH%)=60 ELSE D%(LH%)=STO% MOD 100 
770 IF NH%>2 THEN 780 ELSE 810 
780 FOR J=(A%+1) TO (LH%-1)
790 D%(J)=60
800 NEXT J
810 FOR K=A% TO LH%
820 H%(K)=INT(DPM*D%(k))
83 0 NEXT K
840 TEMP%(X)=H%(LH%)
850 IF TA%(X)=TL%(X-l) THEN H%(A%)=H%(A%)+TEMP%(X-l)
860 SUM%=0
870 FOR I=A% TO LH%
880 SUM%=SUM%+H%(I)
890 NEXT I
900 IF TA%(X)=TL%(X-l) THEN SUM%=SUM%-TEMP%(X-l)
910 DDP%=DP%-SUM%
920 IF DDP%>0 THEN H%(LH%)=H%(LH%)+DDP%
930 TEMP%(X)=H%(LH%)
940 RETURN 
950 '
9 60 CLS
.DATA ERROR.
PRINT
PRINT
'Verify data for"
" Month: “;MO%;"
"Starting time of rain:";STA% 
"Stopping time of rain:";STO%
PRINT "DATA CONVERSION IS COMPLETED" 
PRINT "THE OUTPUT IS STORED IN TH FILE 1 ;M$
970 LOCATE 10,30: PRINT 
980 LOCATE 11 : PRINT 
990 LOCATE 12,30: PRINT 
1000 LOCATE 13,30: PRINT 
1010 LOCATE 14,30:
1020 LOCATE 15,30:
1030 GOTO 1070 
1040 CLS
1050 LOCATE 14,25:
1060 LOCATE 15,22:
1070 CLOSE #1 
1080 CLOSE #2 
1090 END
1100 ' MAIN VARIABLE DEFINITIONS
1110  '
1120 ' H% - ARRAY CONTAINING THE RAINFALL FOR EACH HOUR
1130 ' D% - ARRAY CONTAINING THE DURATION OF RAINFALL IN MINUTE
1140 ' MO% - MONTH
1150 ' DA% - DAY
1160 ' RE% - NUMBER OF BREAKPOINTS
1170 ' STA% - STARTING TIME OF RAINFALL EVENT
1180 ' STO% - STOPPING TIME OF RAINFALL EVENT
1190 ' DP% - AMOUNT OF RAIN WITHIN A SINGLE RAINFALL EVENT
1200 ' PR - PERIOD OF RAIN IN MINUTE
1210 ' DPM - DEPTH OF RAIN/MINUTE
1220 ' NH% - THE NUMBER OF RAINFALL HOURS
1230 ' A% - FIRST HOUR OF RAINFALL EVENT
1240 ' LH% - LAST HOUR OF RAINFALL EVENT
1250 ' STAT - STATION NUMBER
1260 ' YEAR - YEAR OF RAINFALL DATA
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USER GUIDE
Input Preparation
The input data can be prepared using PEDIT. The first line of data 
contains the month, day, and the number of breakpoints. The starting 
time, the stopping time and the depth of rainfall (per hundredths of 
inches) are followed. The flag or a trailer values of "-1 1 1* are added 
to the end of data file to indicate the end of data. The following is the 
example of the input data from July 17 to July 29.
7 17 5
915 !930 10
1810 1820 12
2135 2140 33
2140 2155 35
2155 2210 10
7 19 5
1320 1325 15
1335 1337 5
1337 1350 10
1410 1420 30
1420 1500 5
7 25 1
1420 1520 24
7 28 2
1615 1630 50
1630 1650 8
7 29 1
2230 2240 15
-1 1 1
The program was designed to run a maximum of one year of record. 
However, the program also can be used to run one month record or even one 
day record.
Running the Program 
To run a program, load the program name, "RAIN", and type a BASIC 
command, RUN, and hit the return key. Supply the information requested on 
the screen and hit return key. For example, we have a rainfall record for 
the year 1989 stored in file name RAIN89.DAT and we would like to store 
the output or the hourly rainfall in file RAIN89.0UT. The following 
informations are required to supply to the program:
130
ENTER INPUT FILE NAME: RAIN89.DAT 
ENTER YEAR:? 1989
ENTER OUTPUT FILE NAME: RAIN89.0UT
While the program is running, the following message is displaying on 
the screen:
CONVERSION IN PROGRESS
MONTH ==> 1
DAY ==> 1
If the data file is correct, the following message is displayed on 
the screen when the conversion is completed.
THE DATA CONVERSION IS COMPLETED
THE OUTPUT IS STORED IN THE FILE RAIN89.0UT
The program will check the logic of the rainfall event. The program 
will stop process the data and will display an error message if the time 
of the rainfall events are imposible such that beginning time is greater 
than the ending time.
  DATA ERROR ....
Verify data for 
Month : 2 Day : 13 
Starting time of rain : 1140
Stopping time of rain : 1050
The above message displays the month, day, starting and stopping time 
of rainfall which is the error which was detected. This will help user to 
check the input data.
APPENDIX B
DOCUMENTATION OF DRAINMOD INPUT PARAMETER FILES
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TABLE 33
DRAINMOD HOURLY RAINFALL DATA FILE
Format:
Cols. 1-6: Station Id
Cols. 8-11: Year
Cols. 12-13: Month 
Cols. 14-15: Day 
Cols. 16-17: Hour 
Cols. 18-20: Rain 
Format for columns 14-20 repeated 12 times per line.
236487 1981 1 617 13 618 23 619 7 620 51924 1020 1 720 4 320
7 92716 22
236487 1981 2 1 9 3 111 5 112 46 113 12 114 12 115 2 116 2 117
5 118 1 5  9 2 510 3 514 22
236487 1981 2 515 8 516 12 517 13 518 31 519 48 520 33 521 33 522
33 523 33 524 26 6 1 17 6 2 24
236487 1981 2 6 3 25 6 4 4 6 7 9 924 510 2 1310 3 11710 4 2010
8 1410 9 371010 41011 21012 18
236487 1981 2 1013 81418 51423 21424 815 1 1015 2 1215 3 315
4 51522 51523 151524 1316 1 9
23 6487 1981 2 16 2 1016 3 616 4 322 3 222 4 3
236487 1981 3 4 8 9 4 9 8 414 59 415 13 8 1 613 2 613 3 42118
72120 172121 262123 422 3 9
236487 1981 3 2911 72912 82914 52919 52922 252923 7
236487 1981 4 1 6 4 421 1518 3 22316 602317 183016 12
236487 1981 5 413 5 418 20 419 7 420 3 5 1 18 5 2 54 5 3 52 5
4 36 5 5 26 5 6 17 516 10 922 4
236487 1981 5 924 4110 1 714 5 1314 6 918 2 32512 582513 182514
113113 243114 4
236487 1981 6 110 8 114 151 513 15 515 18 516 7 6 4 5 615 63 713
127 714 501022 361117 271118 43
23 6487 1981 6 1122 162218 17524 6 524 7 1524 8 22418 442419 112515
252619 23
236487 1981 7 121 11 2 9 10 210 40 211 15 212 21 411 20 5 4 4 5
8 17 512 28 513 12 515 10 518 6
236487 1981 7 715 42 914 101017 341021 771022 181118 522215 82515
252922 733016 86
236487 1981 8 212 19 316 5 417 106 515 9 719 401317 51916 42913
253015 18
236487 1981 9 117 56 2 3 10 3 4 5 313 20 314 751218 31312 41417
581418 221419 1515 9 101510 35
236487 1981 9 1511 8
23 6487 198110 116 45 117 19 814 2 912 121010 341311 918 8 1023
8 112512 226 2 22
236487 
>1 c
198111 313 3 823 25 824 50 9 1 15 9 2 1524 5 82917 103021
4D
236487 198112 1210 201211 601214 51315 51318 „141319 4014 5 5514
6 4514: 7 71710 2021 8 62212 28
236487 198112 24 6 2524 7 1724 8 1324 9 202412 202414 252417 52419
152811 153020 203021 1031 3 20
236487 198112 31 4 32
236487 1982 1 224 10 314 5 315 2 316 15 616 5 714 5 717 301211
351215 281216 471217 101218 5
236487 1982 1 1312 51313 81314 21316 141317 61318 51412 21414
1016 7 420 6 52221 1023 1 22
236487 1982 1 3022 303023 30
236487 1982 2 2 1 10 2 3 5 2 6 25 2 7 10 2 8 10 211 60 213 40 219
30 224 10 3 1 10 610 7 9 9 18
236487 1982 2 912 712 6 1012 7 512 8 1012 9 401422 51423 315
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TABLE 33 (Continued)
1 1415 2
236487 1982 
7 526 8
236487 1982 
236487 
1022 5 
236487 
2531 3 
236487 
52018 
236487 
4 1022
31510 
2 1514 
526 9
2 2614
3 512
101512 
201516 
82610 
32616 
30 513
401513
51517
72611
7
12 514
20
51518 ' 251519 351520 101521 1516
1982
1722 6 52210 402211 3
1982 3 2314 42320 52321
1031 5 2531 6 6
1982 4 3 3 35 823 75 924
1521 7 2221 8 321 9 44
1982 4 2110 222111 232112
5 1522 6 1522 7
5 515 13 6 9
152323 52324
101015 51019
82418
2
20 7 8
312113
15
202115
5 610 5 612 30 619
527 5 327 9 32721
517 8 1317 9 521711
202124 1522 2 522
236487 1982 4 2618 13018
236487 1982 5 216 5 7 7
42118 12319 52515 8
236487 1982 6 218 71315
151621 231622 92119 142417 4
236487 1982 6 2513 82612 52613
8 2029 9 83017 19
236487 1982 7 720 8 819 15 918
42914 53113 10
236487 1982 8 112 6 216 20 217
21116 11211 31517 461518 14
236487 1982 8 1617 231817 1851818
236487 1982 9 11 5 
201717 831718 33
236487 198210 220
27 716 8 717 15
236487 198210 1214 
236487 198211 212
4 617 5 417 9
10 7 9 481414 221415 401717 61718
251316 421320 51416 71612 101613 451614
502614 202615 52715 52811 3829
201217 441516 21715 201917 132316
31 416 28 618 60 620 10 716 101017
1011 9 51111
23 517 54 518
721 251211 10
251215 203016
1351919 1002316 122915 102916 10
151113 501115 201117 341311 531615
6 614 40 615 60 711 36 712 9 715
198211 1822
35 213
41712
181823
67 215 
361821 
191914236487
103013 203016 253017 5
236487 198212 310 10 312
28 319 24 320 25
236487 198212 323
7 10 413 10 414
236487 198212 10 9
3 51310 81424
236487 198212 15 7 
162617 652618 312619 822621 40
236487 198212 2715 352717 153115
103122 25
236487 1983 1 1 1
4 51913 301916
236487 1983 1 20 1 
103124 37
236487 1983 2 1 1
303017 
23 216 
7
122710
15
10 316
321 28
5 324 
510 6 
51010 
515 1 
522 7
5 1 3  
201921 
3020 3
15 313 
322 18
40 4 1 
710 8 
151015 
515 4 
92214
10 1 5 
301924 
2520 6
30 
3
201016
25
2525 9
43
40
6020
4 2 17 4 3
9 113 14 513 35 514 5 516
51210 41624 517
102712 152713 82719 372722
5 314 143 315 38 316 110 317 81 318
3 4 4  40 4 5  5 4
51017 101018 21024 311
202614 502615 312616
103116 433117 313118 313119 253120
1 7  17 117 15 2 2 5 8 3 310
7 1125 1 312620 33116 63122
85 517 33 9 8 5 918
202514
51 919 59 920 311610 251613 65
236487 1983 2 21 7 521 8 1721 9
236487 1983 3 410 34 413 16 415
5 282318 502320 752610 152611
236487 1983 3 30 9 403015 15
236487 1983 4 117 10 518 55 520
130 618 50 624 25 7 4 7 7 5 23
282118 
25 418 
95
2527 7 
5 421
52711 30
17 5 1 251617 520
236487 1983 4 7 9 35 717 151314 131317
3514 1 2514 2 152216 432217 10
236487 1983 4 2219 38
25 523 20 6 3 20 6 5 5 610 15 616
51319 151322 51323 2151324
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TABLE 33 (continued)
236487 1983 5 
52019 252023
236487 1983 5 
236487 1983 6 
101818
318 2 713 11017
602123 482124 125
22 1 3722 3 4822 4
414 14 419 28 624
981819 122016 252214 34
236487 1983 6 2414 302514 2172519
252718 102719 552814 102913 35
236487 1983 7 317 40 518 80 522
112814 993014 33118 5
236487 1983 8 1 3  5 112 10 113
150 123 85 124 35 2 4 110 2 5 30
236487 1983 8 212 13 3 9 40 312
301515 31616 11716 326 5 63
236487 1983 9 414 2 6 6 55 6 7
513 1 1013 8 201818 751920 142
236487 1983 9 1921 531923 3020 9
236487 198310 12 8
236487 198311 416
9 432310 8527 4
3012 9 
13 421 
82711 
15
40 524 1101021
301210 
32 614 
322712
236487 1984 
236487 1984 
7 82215
236487 1984 
5 820 6
236487 1984 
4 172215
236487 1984 
91522 
236487 1984 
252812
236487 1984 6 
236487 1984 7
91517 1331518 6720 8 2020 9 202017
7522 5 30
2015 8 511620 511715 251723 51810
4726 7 102610 872613 102617 532715
9 616 31320 301417 201716 262218
30 115 45 117 15 118 40 119 135 120
50 514 30 520 201114 1051211 581415
30 610 25 7 7 25 710 70 712 171214
252019 52022 10
1922 6 27
201423 1015 4 451920 1251921 2223
15
236487 198311 2713
236487 198312 314
2827 6 527 7 52710 202713 35
236487 198312 2714 102715 252719
236487 1984 1 914 5 915 5 917
101423 515 1 1015 4 515 7 5
236487 1984 1 15 8 515 9 1417 5
31713 31715 518 3 1218 4 13
236487 1984 1 1811 121812 71813
22318 42319 12410 52411 12
236487 1984 1 2412 132414 102417
102424 1025 1 225 2 225 3 2
236487 1984 1 25 4 2
236487 1984 2 3 2  5 3 5  40 3 6
27 924 231212 1061213 261214 24
236487 1984 2 1215 615 3 3415 4
122014 52023 62024 721 3 15
236487 1984 2 2614 122616 82617
3 5 6 1212 9 151210
4 213 20 216 3 220
22615 2
5 320 50 8 3 36 8 4
820 7 420 9 52011
5 2012 132013 132014
52216 11
6 415 10 418
71523
6 16
351022 2011 2 1001315 451613 62120
6 915 
816 5 616 6 20
7 2016 8 41819
72814 32816 82913 51
30 9 203011 10
113 101618 1201619
332720 7272.2 302723 41
19 918 16 921 10 923 111318 101319
117 6 417 9 31710 31711 31712
121814 723 9 92310 12313 32314
12418 22419 22421 52422 102423
12 3 7 3 919 5 921 40 922 10 923
51916 561917 81918 51919 52012
102618 612619 492620 16
81212 91213 81915 901917 15
17 221 3 8 8 45 8 9 15 810 2521
10 8 5 10 8 6 41520 1020 4 2020
13
142015 52016 252017 1622 3 14022
10 916 5 917 91116 101117 101419
22713 102714 332715 572716 152717
1218 1 61824 402823 252916
236487 1984 8 220 90 3 2 2 3 3 2 3 4 3 3 5 3 3 7 20 417 19 418
6 419 5 420 9 421 5 517 20
236487 1984 8 613 10 719 8 817 57 917 61114 251115 101119 71222
311223 31224 11316 111317 23
236487 1984 8 1619 82020 22217 172218 32312 552313 52323 152612
102816 10
236487 1984 9 319 23 320 18 321 4 415 4 416 12 912 71218 191219
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TABLE 33 (Continued)
11416 2021 9 42110 42111 14
236487 1984 9 2112 42113 42114 142115 52116 52117 122 9 92210
12213 12214 502216 322217 8 
236487 1984 9 2313 132314 79 
236487 198410 516 6 818 85 820 5 822 5 823 5 921 91015 131017
221019 201318 701319 1014 9 10 
236487 198410 1413 51415 51416 401417 351418 501419 515 5 2217
6 11017 7 1317 8 101711 601712 
236487 198410 1713 71816 519 6
4
3622 1 522 2 622 8 3122 9 162214
102215 92216 52223 392224 16 
236487 198410 23 3 523 5 923 6 1623 7 523 8 152310 52320 42520
236487 198411 2 3  8 2 4  4 2 5 416 7 316 8 716 9 161817 3727
7 7027 8 1027 9 1530 8 45 
236487 198412 213 75 214 4 215 4 4 6 23 4 7 17 4 8 7 4 9 7 410
9 411 7 412 9 413 11 415 4 
236487 198412 416 11 417 5 418 422 5 922 6 113117 153118 103119
53122 173123 483124 20 
236487 1985 1 1 1  9 1 2  20 1 3 8 213 5 214 6 215 9 319 7 320
81316 31317 414 6 414 7 1 
236487 1985 1 1618 101619 741620 181621 91622 81623 81624 817
1 817 2 817 3 424 6 624 7 
236487 1985 1 27 8 1027 9 52714
14
182715 432716 322717 762718 13114
253116 33117 23124 2 
236487 1985 2 419 2 420 2 421 2 5 2 54 5 3 5 5 9 151024 511
1 8311 2 1224 6 1524 7 2224 8 
236487 1985 2 24 9 52410 132411
7
102412 102413 102414 12415 92416
92417 92418 92419 92420 3 
236487 1985 2 25 4 625 5 1425 6 2025 7 2325 8 1125 9 102510 927
1 527 2 2527 3 52824 10 
236487 1985 3 1 1  40 1 3  20 1 4 20 1 5 5 1 6 10 1 7 60 4 8 1 4
9 2 410 2 5 1  5 5 2  8 5 3  
236487 1985 3 16 7 1016 8 1016 9
5
101610 102012 152013 182014 152015
302016 442017 252713 72714 8 
236487 1985 3 2716 92717 132718 53021 53022 93023 3131 3 1231
4 5
236487 1985 4 518 14 519 112 7 515 2 301516 231517 1771518 4324
3 152410 112411 102412 6026 8 
236487 1985 4 2619 72621 62622
8
192623 102624 212913 10
236487 1985 5 119 25 814 70 815 20 817 6 818 9 819 52113 912114
1023 9 92310 16
236487 1985 6 722 8 723 7 724 512 6 2012 7 13112 8 501814 422518
182519 628 2 1028 3 1528 4 12 
236487 1985 7 5 3  35 5 8  16 5 9 13 510 35 513 161617 2331618 341619
141620 61718 81719 201816 6 
236487 1985 7 1817 42012 2524 4 2824 5 122717 1162718 152719 428
4 203017 10
236487 1985 8 317 75 318 10 319 2 518 20 620 2 621 2 7 8 2 712
2 716 2 717 4 721 21113 18 
236487 1985 8 1114 61415 181416 615 3 1615 4 3315 5 815 6 1215
7 1215 8 1015 9 101510 61511 
236487 1985 8 1512 21513 21514
30
451516 141517 101520 431521 101524
216 2 2616 3 816 4 416 6 6 
236487 1985 8 16 8 81819 82013 472014 421 5 22415 22421 142422
22423 1025 9 42510 2 
236487 1985 9 211 19 212 8 213 8 214 7 215 33 216 16 217 16 218
8 513 4 514 133 515 4 516 4 
236487 1985 9 517 5 518 5 615 6 616 4 621 2 715 14 814 65 815
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TABLE 33 (Continued)
35 919 2 920 1132216
102222 223 3 2023 4
262217 4236487 1985 9 2219 42220 42221
523 5 626 4 2230 6 10030 7 5030 8 6530 9 19
236487 198510 1218 551219 451220
111920 212217 142315 102317 10
236487 198510 2318 52415 962416
3 927 4 927 5 927 6 927 7
236487 198510 27 8 927 9 32710
92721 82722 82723 27
198510 2724 1328 1 2828 2
42823 92824 729 1 4
198510 29 2 1529 3 1629 4
73012 53018 33019 1
198510 3021 13022 33111
198511 2 3 12 210 21417
92720 
236487 
52822 
236487 
1030 2 
236487 
236487 
9
236487 198512 1 9
1 512 2 712 3
236487 198512 12 6 
471217 
236487
162717 
236487 
236487 1986 
8 15 9 4
236487 1986 
6 910 7
236487 1986 
236487 
16 523 
236487 
21714 
236487 
221211 
236487 
236487 
1620 2 
236487 
51821 
236487 
236487 
51116 
236487 
102823 
236487 
236487 
51017 
236487 
20
236487 
111317 
236487 
236487 
13012 
236487 
101215 
236487 
82314 
236487
401221 101222 1013 7 121521 101818
82417
9
52711
82624 1027 1 927 2 927
52715 52716 102718 162719
3828 3 3428 6 2128 7 828 8 62818
451117 161120
712 4 712 5
612 7 1412 8 
221218 201219 81224 16
198512 27 9 22710 42711
529 5
53113
111418
41121
4
1012 9
429 6 2629 7 3029 8 102911
5
41613 
121122
141614 422823 252824
81123 61124 412
21210 61211 181212 21216
20182718 62719 222720
198512 2721 163110 10
1 411 8 620 2 621
2 9 5  5 9 6  5 9 7
1 912 5 914 4 915
61718 31719 325 9
1 2510 292511 17
1986 2 411 120 412 112 413
14 720 2 721 2 919 2
1986 2 920 4 922 2010 9
122715 22812 2
1986 3 321 25 322 20 323
261212 311213 101217 12
1986 3 1824 1019 1 1019 2
1986 4 12 9 501210 151913
2020 3 3520 4 3028 8 35
1986 5 2 6 41111 3015 6
452415 525 6 302612 11
1986 5 2613 62721 342722
1986 6 317 45 415 23 520
261612 51618 901718 6
1986 6 2219 342220 12512
122824 829 5 729 6 10
1986 6 29 7 82911 72912
1986 7 116 21 117 4 215
1011 5 4811 6 71113 18
1986 7 1515 21615 42018
1986 8 515 110 516 30 517
451318 352114 412616 2
1986 8 2716 42816 103017
1986 9 1110 101816 452016
243013 1
198610 214 10 816 5 915
71216 1413 9 101310 31
198610 1311 121312 141313
382315 22318 172319 3
198610 2321 42322 32323
32712 22713
3 622 4 623
32714 142715 142716
5 916 5 917
3 624
5 918
3 7 7
5 919
3 7
610
11
45 414 65 415 10 416 8 417 10 522
21010 21011 711414 141415 21423
11 324
619 7 
101914
1218 8
1
10 9 6
4 4 1
419 8 
61915
518 9
21 9 7
8 4 2 912 9 351210
6
61916 61917 61918
51817 531818 521820
4 9 9 25 910 5 912
102513 52713 102716 332717 1222822
22 
25 3 3 50 3 4 34 3 5 6 811 5 812
152117 92415 492416 12516 1702517
5 818 101013 171014 761113 61114
6
162017 122018 122019 122918 262919
21 916 141019 131212 51213 691214
171314 121315 121316 121317 41318
324 2 524 3 224 4 124 5 124
TABLE 33 (Continued)
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6 224 8 15
236487 198611 417 14 418 11 419 1 422 15 423 5 424 55 5 1 17 5
2 3 5 3 3 5 4 5 7 2 19 7 3 35
236487 198611 7 4 281024 5011 1 36511 2 6711 3 411 4 411 5
6 411 7 220 9 232010 782011 64
236487 198611 24 1 524 2 424 5 162414 52415 302417 142418
182420 182421 182422 172423 14
236487 198611 25 4 52516 32520 502522 202523 312524 392717
62719 62720 2
236487 198612 10 1 910 2 11013 21014 51015 51016 51017
41019 641020 611422 61423 12
236487 198612 1424 1215 1 315 2 315 3 315 4 315 5 315 6 415
7 515 8 615 9 51510 31511 4
236487 198612 1512 51513 91514 91515 91516 91517 91518 91519
916 4 816 5 71813 151814 6
236487 198612 1815 151816 221817 41818 41819 422 5 522 7 122
8 322 9 32210 32211 72212 7
236487 198612 2213 32214 22215 112216 202217 202218 202219 22220
92221 162222 252223 252224 25
236487 1987 1 313 3 314 42 315 33 316 61 317 6 323 10 917 251322
41323 614 2 514 5 314 6 5
236487 1987 1 14 7 214 8 614 9 101410 41413 816 2 516 3 916
4 1116 5 1116 6 1216 7 216 8 5
236487 1987 1 16 9 121610 121611 51612 51710 111711 61712 701713
31716 51717 151718 471719 3
236487 1987 1 18 1 4318 2 3118 3 518 5 518 6 218 7 218 8 118
9 121 5 221 6 1321 7 1321 8 13
236487 1987 1 21 9 132110 122111 122112 122113 122114 122115 122116
122117 122118 122119 122120 10
236487 1987 1 2418 112419 42421 22422 152423 2
236487 1987 2 124 10 2 1  17 5 7  3 5 8  4 521 2 522 2 6 8 6 6
9 19 610 15 612 2 613 5 614 3
236487 1987 2 15 8 415 9 531510 231511 431512 252013 32014 152015
92122 192123 22124 722 2 10
236487 1987 2 22 8 1022 9 122210 82218 452219 112220 424 2 224
3 1224 4 224 5 224 6 224 7 1
236487 1987 2 24 8 1924 9 22410 32419 52420 52424 1025 1 925
2 42518 22519 92520 92521 8
236487 1987 2 2522 82523 82524 82612 102616 112617 542618 592619
162620 62621 22622 22624 10
236487 1987 2 27 1 1027 2 527 3 1127 4 428 6 328 7 57
236487 1987 3 7 8 5 710 6 711 7 712 7 713 7 714 3 9 9 5 910
6 913 5 914 511 3 61718 20
236487 1987 3 1719 1151720 471721 292319 992320 482321 142710 2829
5 1629 6 152924 1030 1 830 2 1
236487 1987 4 223 6 224 15 3 1 15 3 2 31317 161318 91319 91320
61322 51324 14
236487 1987 5 310 4 311 4 415 123 416 4 417 3 418 15 419 33 815
10 816 51015 71016 31019 37
236487 1987 5 1020 61716 751918 41919 62217 512218 582219 72220
424 5 5524 7 324 8 292515 73
236487 1987 5 2516 53
236487 1987 6 418 30 420 56 421 4311 4 1812 9 361312 271313 191314
1311315 511316 2714 4 1414 5 33
236487 1987 6 14 6 1314 7 714 8 1114 9 191410 131518 5216 4 7916
5 1817 9 201716 971717 91718 13
236487 1987 6 1810 141914 301915 52114 862115 62415 1662416 72617
103018 173019 583020 15
TABLE 33 (Continued)
236487 1987 7 113 35 114 7 115 3 219 5 517 52 615 15 623 7 8
6 14 8 7  21 8 8  3 8 9  3 819 49
236487 1987 7 14 6 51713 361714 51715 421 8 1221 9 172114 412115
72315 192316 62619 192620 4
236487 1987 7 2717 172718 212910 102911 92917 62918 31
236487 1987 8 418 175 419 20 420 11 521 35 522 5 523 3 719 9 914
9 915 7 916 7 917 41010 33
236487 1987 8 1011 81012 41110 51111 951218 61219 211220 1131221
271222 471223 171515 62515 5
236487 1987 8 2616 302718 802918 2002919 92920 62921 52922 53022
1531 4 3531 5 1131 6 331 7 3
236487 1987 8 31 8 3
236487 1987 9 1220 81614 41720 601813 291814 61918 261919 9
236487 198710 2610 402611 312612 162613 6
236487 198711 916 14 917 231615 2001616 1081617 201618 201619 122719 
172720 172721 9
236487 198712 7 4  9 7 5  1 7 6  3 7 7  61423 915 7 21922 21923
41924 320 3 52012 52017 5
236487 198712 2020 521 5 1121 6 1221 7 521 8 221 9 102110 182111
182112 92114 62115 112116 11
236487 198712 2117 112118 923 4 523 5 12410 52411 126 7 526
8 12814 23012 13013 131 9 5
236487 198712 3110 63111 43115 33116 83117 7
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TABLE 34
DRAINMOD DAILY MAXIMUM AND MINIMUM TEMPERATURE DATA FILE
Format:
Cols. 1-6: Station Id
Cols. 8-11: Year
Cols. 12-13: Month
Cols. 20-92: Daily minimum temperature (2 cols.), 1 blank, daily minimum 
temperature (2cols.)
Repeated 14 times per data line
236487 1981 1 66 38 58 34 66 30
56 36 50 30 43 24 55 20 57 38
61 42 55 35 48 30 55 30 56 38 45 40
70 52 69 44 76 41 65 44 66 43
236487 1981 2 70 42 44 34 52 29
66 45 45 26 45 23 52 36 50 39
57 48 65 55 69 56 69 50 77 48 80 58
79 49 79 56
236487 1981 3 72 56 69 53 66 50
66 44 70 50 65 50 70 50 74 44
75 46 70 52 72 42 73 46 62 42 70 38
77 51 79 56 73 66 85 62 83 58
236487 1981 4 77 59 77 59 85 67
84 62 84 65 87 67 88 66 86 63
88 62 84 64 88 68 84 67 86 68 88 64
86 60 86 65 87 69 90 66
236487 1981 5 84 62 82 62 82 58
72 60 76 54 82 54 84 60 82 64
82 58 80 64 90 72 90 73 87 60 69 54
90 68 94 69 94 70 92 71 90 72
236487 1981 6 87 72 92 71 92 72
93 72 89 72 92 75 93 76 94 76
96 76 96 75 92 74 96 74 96 76 94 74
94 74 93 74 89 76 93 73
236487 1981 7 90 74 88 72 90 72
97 72 94 72 92 74 95 76 94 78
94 77 94 78 95 78 97 78 96 79 95 80
95 77 94 76 95 76 95 75 96 74
236487 1981 8 97 75 90 76 94 75
92 76 94 74 94 74 96 76 95 75
95 78 95 80 94 79 96 77 92 78 90 74
95 73 92 76 87 76 94 75 95 75
236487 1981 9 91 72 91 75 92 74
90 64 92 65 97 73 90 75 92 73
80 72 92 70 83 62 78 54 78 53 81 54
95 70 94 70 94 68 93 66
236487 198110 94 71 88 67 85 58
89 72 88 68 82 72 80 70 84 66
87 68 87 68; 89 68 73 59 74 50 77 47
66 49 76 47 81 51 84 54 74 65
236487 198111 77 66 72 61 74 63
70 54 74 48 71 43 76 48 74 46
76 42 80 561 82 50 82 56 84 56 59 37
85 62 82 58 78 63 82 62
236487 198112 74 46 64 35 74 35
64 37 62 35 58 48 56 48 58 43
56 38 65 32: 61. 41 46 29 45 24 47 34
69 39 72 50 56 48 58 45 73 57
62 40 56 32 65 43 54 39 56 34 62 42
44 42 49 40 58 35 69 34 71 45 72 50
54 36 45 36 53 43 54 45 62 46 66 40
75 57 66 48 71 46 78 44 73 50 80 46
71 59 69 52 65 45 64 52 68 51 68 43
65 49 66 52 64 48 70 42 73 42 75 44
84 70 76 59 76 47 77 54 80 62 86 66
88 68 82 68 81 65 80 62 78 62 84 60
80 64 83 67 78 65 71 61 83 58 83 65
84 50 86 56 90 66 89 67 82 68 86 68
86 74 81 77 90 77 84 74 93 76 93 76
96 77 97 72 87 74 91 72 93 73 94 74
89 74 86 73 91 73 94 76 94 76 97 79
96 78100 79100 77 97 78 96 79 96 76
95 74 94 74 94 74 92 77 93 76 93 72
92 72 91 73 95 73 94 75 95 73 96 72
90 72 92 74 92 69 94 72 94 70 89 70
87 63 89 60 93 62 93 68 91 68 92 70
90 65 91 68 91 70 90 73 76 64 88 65
84 56 86 63 70 52 66 47 70 56 68 53
86 66 83 60 82 55 76 48 78 44 68 61
62 26 70 32 80. 42 75 48 80 46 84 66
64 46 64 40 51 45 73 52 78 55 68 40
69 47 75 57 57 44 44 42 60 42 67 39
TABLE 34 (Continued)
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236487 1982 1 62 56 75 57 78
45 18 33 10 44 27 40 28 38 24
62 30 64 28 44 19 73 42 78 64 81
66 34 77 54 74 59 78 58 58 40
236487 1982 2 56 31 56 45 57
50 30 64 40 60 46 54 39 69 38
64 54 77 49 79 49 77 54 72 54 70
46 40 49 41
236487 1982 3 64 43 68 38 72
74 50 74 56 80 64 82 66 84 68
84 69 82 69 86 68 86 68 85 68 86
51 41 54 41 65 46 75 62 74 66
236487 1982 4 83 66 80 68 76
64 47 70 42 74 42 78 59 82 68
83 66 84 72 78 63 86 58 82 68 85
82 56 80 59 82 63 80 62
236487 1982 5 79 64 82 62 84
84 56 84 62 81 65 84 68 82 66
84 67 84 66 84 65 78 68 86 65 86
90 70 92 72 92 76 94 74 93 76
236487 1982 6 90 74 94 70 94
96 74 96 77 94 74 91 73 95 72
92 70 87 70 90 66 90 71 90 70 94
81 72 87 72 90 72 92 72
236487 1982 7 93 67 93 71 93
90 74 94 74 93 76 92 71 92 74
92 74 95 74 93 73 93 74 94 75 91
95 70 95 73 93 76 91 74 86 74
236487 1982 8 90 72 93 72 93
93 70 93 72 88 70 92 70 93 73
95 73 90 74 90 72 92 72 91 72 90
93 73 93 76 97 74 94 74 94 74
236487 1982 9 93 70 94 70 93
89 72 76 70 92 73 86 73 92 71
90 72 92 72 90 70 90 69 89 71 83
82 50 86 54 88 57 87 57
236487 198210 89 58 81 68 88
84 70 77 62 65 60 67 56 75 50
75 47 78 52 73 50 77 49 78 53 77
77 36 79 45 82 57 83 64 84 64
236487 198211 83 65 83 62 64
78 47 79 61 74 52 58 34 65 33
58 36 68 36 61 54 74 61 76 63 76
69 60 64 48 74 42 73 60
236487 198212 78 69 80 71 75
54 46 58 37 44 28 52 26 64 45
64 47 58 38 66 34 64 36 63 35 65
70 52 53 45 49 38 53 35 48 36
236487 1983 1 47 43 46 40 40
60 40 61 34 47 31 65 28 67 41
53 32 49 28 56 28 50 37 37 32 38
49 36 55 36 67 43 64 40 66 48
236487 1983 2 62 44 44 36 47
53 48 52 40 51 42 55 36 60 34
63 39 54 48 66 42 67 40 66 42 69
44 36 48 42
236487 1983 3 69 26 75 48 78
53 33 50 30 57 29 66 37 71 47
62 38 67 35 80 55 81 40 52 36 57 31
80 66 80 65 72 46 63 34 74 46 58 39
51 38 55 42 46 30 46 32 70 46 68 34
75 50 79 44 79 46 78 53 68 51 51 42
77 55 66 56 56 40 55 37 61 31 68 40
86 62 67 55 70 55 76 62 81 59 66 46
70 45 84 66 68 48 67 44 84 58 70 49
78 57 58 52 72 53 74 54 81 64 82 64
84 64 84 61 83 67 76 61 79 52 82 56
88 67 87 70 89 67 88 68 88 70 90 70
92 73 94 72 96 70 96 68 95 70 92 71
90 76 89 70 93 72 93 70 90 72 85 70
94 72 93 73 94 69 93 76 94 71 93 73
92 73 92 75 92 74 90 73 88 73 93 73
95 74 94 72 91 70 88 69 82 72 91 70
92 70 92 74 92 72 93 75 91 74 93 74
88 70 92 63 92 68 90 71 87 68 84 71
79 64 74 49 78 49 83 50 83 62 78 53
88 66 87 70 86 68 82 69 87 70 88 71
75 50 71 50 70 42 70 45 72 39 75 36
59 38 61 33 65 34 70 34 73 37 75 50
79 63 76 64 79 63 63 42 58 40 74 53
59 50 64 44 67 46 67 44 70 44 63 47
68 37 72 52 73 56 74 64 72 68 71 60
52 28 59 34 63 38 70 44 65 54 67 54
38 35 44 32 49 33 57 28 60 38 57 47
48 34 50 42 42 39 47 34 55 31 65 44
65 52 53 50 65 47 68 43 69 44 52 37
69 61 72 55 76 54 78 48 67 47 60 41
67
68
43
50
49
69
56
65
62
67
73
76
72
74
72
70
73
71
67
55
52
63
57
31
35
34
32
48
56
141
TABLE 34 (Continued)
68 50 61 47 65 52 67 46 73 43 63 40 50 34 60 30 52 40 54 38 63 37 66
67 47 59 40 64 39 54 47 68 48
236487 1983 4 71 46 58 43 70 36 70 46 70 60 69 60 63 56 62 48 62
70 43 77 53 74 52 73 61 67 48
63 44 65 36 70 40 73 44 64 39 60 45 73 46 72 59 70 54 69 50 72 42 74
76 54 79 58 82 63 82 66
236487 1983 5 82 66 84 68 72 54 77 49 82 48 82 54 77 62 83 61 84
72 65 81 65 87 65 87 68 87 70
81 66 79 62 79 58 82 66 85 70 76 66 82 65 82 65 84 62 85 64 85 60 88
89 65 88 67 86 64 87 66 83 65
236487 1983 6 85 61 91 68 93 70 91 70 88 70 83 70 85 68 83 61 86
90 63 90 70 90 69 92 71 94 72
87 68 90 72 87 73 87 71 91 70 90 71 83 72 88 73 88 72 91 74 90 70 79
93 74 90 74 92 75 94 74
236487 1983 7 97 73 95 74 96 77 94 77 93 73 93 73 92 72 95 70 96
94 73 95 72 96 75 94 75 93 75
95 74 96 75 95 74 93 76 93 76 95 75 97 74 98 76 96 76 95 77 94 78 93
93 78 92 77 96 76 93 75 90 74
236487 1983 8 78 73 80 74 85 74 95 75 96 74 95 72 94 76 95 74 94
95 74 95 74 85 75 91 74 97 77
95 76 95 76 91 75 95 78 95 77 95 77 96 77 94 78 96 76 97 75 97 75 98
95 76 96 77 94 78 97 75 96 75
236487 1983 9 95 76 95 73 95 72 91 71 93 73 78 71 84 70 93 73 94
93 75 86 73 87 73 91 73 91 70
89 66 91 68 92 70 90 71 86 71 91 72 82 58 77 46 84 51 84 57 86 60 88
85 64 85 61 85 58 88 60
236487 198310 88 60 87 61 86 62 89 70 85 64 85 58 84 59 85 60 85
84 65 87 68 70 60 71 51 74 49
82 52 86 70 83 69 86 68 85 68 86 71 88 72 78 60 61 56 73 56 70 49 69
76 40 79 40 80 40 81 47 74 49
236487 198311 80 60 82 61 80 59 82 58 68 53 63 49 67 59 65 51 76
58 43 50 38 58 42 78 49 82 65
72 48 63 38 68 33 78 50 78 57 65 44 72 38 79 59 77 54 54 37 62 31 70
75 48 56 38 59 31 70 46
236487 198312 62 56 75 56 76 55 72 46 76 4? 56 44 57 32 66 34 71
74 51 75 54 58 46 61 38 54 37
60 35 60 33 56 41 62 44 43 40 45 34 70 43 46 34 36 30 27 21 25 12 36
61 36 57 34 34 22 34 18 47 12
236487 1984 1 56 16 61 28 56 38 64 31 65 35 71 36 63 38 68 37 65
57 35 45 28 57 25 53 31 55 44
46 40 46 38 47 38 47 30 39 24 39 23 44 24 52 25 62 44 58 52 55 44 55
63 32 62 35 71 34 65 35 54 31
236487 1984 2 57 31 67 31 62 46 64 32 59 32 44 27 58 25 60 28 68
75 48 76 59 70 50 68 50 71 41
72 40 76 53 75 44 77 50 66 53 54 45 59 44 63 39 70 38 68 48 67 38 68
49 49 44 38 49 29
236487 1984 3 57 27 69 41 74 45 75 56 71 46 53 37 61 29 69 33 66
71 39 73 42 64 53 82 57 80 58
80 59 84 59 80 59 80 56 74 54 57 42 72 41 75 43 78 57 79 54 72 43 71
78 63 67 51 65 42 71 39 76 41
236487 1984 4 79 44 71 58 82 63 69 49 66 43 77 39 76 48 78 60 76
82 52 79 61 80 57 84 61 80 51
70 47 70 43 74 45 81 48 84 65 85 65 88 72 77 53 74 46 85 45 85 47 83
84 72 87 73 85 71 79 66
236487 1984 5 82 65 81 70 85 56 89 53 88 64 88 74 89 72 74 52 79
84 51 85 52 89 56 91 61 94 62
92 68 86 67 88 65 86 65 82 67 72 66 86 67 75 63 87 64 91 69 88 67 91
90 68 90 66 76 58 74 49 82 47
48
43
44
56
60
60
72
76
77
74
76
72
66
62
48
50
43
39
14
39
38
39
47
42
48
50
71
45
70
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236487 1984 6 83 49 86 52 87
90 64 92 67 93 66 92 66 95 66
96 71 89 70 91 69 94 68 94 71 94
89 69 82 72 84 69 83 69
236487 1984 7 83 69 93 68 91
92 71 96 71 94 72 87 71 94 69
91 71 94 73 89 72 91 71 91 72 92
95 70 94 70 89 72 88 69 91 73
236487 1984 8 88 69 79 69 82
94 70 90 73 87 72 85 72 90 72
92 71 93 71 93 74 94 73 95 71 89
89 73 91 72 89 73 94 71 92 67
236487 1984 9 93 69 93 67 94
92 69 93 66 94 69 94 69 94 71
90 70 85 64 88 64 85 64 84 69 87
85 60 80 61 74 56 70 49
236487 198410 73 42 78 42 79
86 68 86 65 85 63 86 63 75 67
87 69 89 75 77 68 85 70 79 69 85
87 64 88 62 89 62 89 65 89 66
236487 198411 86 65 74 57 65
80 46 61 37 64 35 67 33 75 33
80 50 65 55 71 51 81 57 58 50 58
72 42 59 33 67 29 74 43
236487 198412 69 41 69 56 65
78 52 73 50 78 59 76 63 81 60
79 60 80 62 76 56 70 50 75 56 78
81 66 81 63 81 63 83 62 78 64
236487 1985 1 65 48 48 38 38
72 46 52 33 38 31 37 31 51 33
59 27 66 41 53 34 63 30 65 32 50
58 30 55 39 59 33 74 50 75 40
236487 1985 2 40 24 28 23 39
69 45 57 39 52 31 64 27 55 31
55 28 60 31 72 38 75 54 65 47 74
65 54 67 51
236487 1985 3 70 53 77 58 78
84 56 79 59 81 62 71 61 81 56
69 53 65 52 71 54 71 41 73 38 67
75 64 80 66 80 64 77 58 64 46
236487 1985 4 68 41 65 43 78
74 43 76 54 71 63 78 56 78 55
83 53 83 57 83 59 82 57 83 59 85
86 70 86 69 88 66 88 69
236487 1985 5 86 68 79 63 69
89 61 89 66 89 69 84 71 89 70
84 64 90 54 84 66 80 61 85 56 89
89 61 88 60 88 62 90 69 92 72
236487 1985 6 93 74 94 69 96
91 71 89 72 88 68 88 64 87 63
95 71 98 72 93 74 86 73 80 71 87
92 72 88 70 85 68 90 60
236487 1985 7 94 66 93 71 91
95 74 90 72 94 72 94 71 93 71
95 71 92 72 90 72 93 73 88 74 85
90 73 90 73 94 74 92 74 93 76
236487 1985 8 96 77 96 76 98
94 76 93 72 93 72 94 72 86 74
80 72 90 75 94 78 94 76 97 74 89
87 61 88 64 83 71 91 72 90 67 87 65
95 71 96 74 95 73 97 73 95 72 95 64
93 70 93 70 92 71 95 70 86 70 93 69
96 68 96 71 91 70 89 67 90 71 94 67
85 70 88 71 90 71 90 69 94 68 94 68
96 71 94 73 89 73 92 68 94 66 92 71
83 67 85 60 87 60 91 60 92 70 88 71
79 70 80 76 84 73 89 68 90 66 90 65
82 46 85 58 89 68 83 67 86 68 84 67
86 72 82 67 82 68 85 69 86 65 85 63
77 53 75 46 72 41 73 42 78 58 81 56
55 37 59 34 61 29 67 26 74 39 76 58
49 38 47 40 50 27 54 23 67 26 73 39
79 57 74 53 64 51 80 56 66 52 69 50
46 26 55 24 60 30 64 32 63 31 63 36
32 9 47 17 48 24 51 35 65 35 53 31
56 31 57 40 55 37 49 33 57 31 65 27
79 59 75 62 80 64 71 56 60 55 67 55
78 58 68 53 72 47 79 45 84 61 85 59
72 55 67 48 76 45 78 51 81 47 80 52
79 52 79 54 75 50 83 55 73 52 72 42
84 67 81 67 86 68 82 64 86 63 84 69
84 54 83 61 88 65 87 66 84 66 83 62
82 65 88 64 79 68 82 64 85 57 88 59
94 68 94 66 96 68 93 72 94 70 93 72
86 70 92 70 92 67 93 69 93 69 92 68
88 68 74 69 90 70 86 70 91 68 92 77
90 71 92 75 95 74 94 75 93 74 92 74
95 74 94 74 94 74 86 71 93 70 94 75
94 73 96 74 96 73 92 72 88 71 91 69
56
70
72
70
69
75
70
67
45
67
55
43
49
57
30
12
24
45
56
61
46
61
56
62
67
69
71
74
74
74
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86 71 87 71 90 73 94 73 94 70
236487 1985 9 93 71 81 72 83 74 91 75 90 72 92 70 91 71 91 70 91
91 71 94 72 93 72 90 72 81 7 0 82 63 84 62 87 66 88 65 87 64 88 62 90 65
66 88 73 82 70 89 69 78 58 78 !52 :82 !56 :88 65 76 61
236487 198510 64 56 77 54 83 56 85 60 71 49 76 44 77 46 85 58 85
87 65 86 62 86 65 85 66 88 68
88 70 82 70i 87 70 86 74 89 73 89 70 89 68 81 70 83 70 85 69 81 69 74
68 61 80 67 73 69 72 63 63 58
236487 198511 72 58 60 58 64 46 66 43 69 40 73 41 71 48 72 42 77
82 61 76 64 81 6 82 67 80 66
84 70 80 64: 83 64 83 69 83 63 71 53 62 49 70 51 78 47 76 52 82 61 84
83 66 69 59 68 60 73 60
236487 198512 73 43 52 35 55 31 68 37 60 37 65 39 67 34 74 47 71
76 59 79 64 65 48 48 38 43 30
46 24 57 25* 61 32 55 35 52 29 55 28 55 28 64 30 70 39 60 36 42 20 49
58 45 56 42 64 35 66 34 73 48
236487 1986 1 58 40 70 43 69 45 62 51 50 28 53 25 51 47 51 38 45
45 37 60 31 64 30 57 32 61 33
69 33 65 35i 62 55 69 52 65 42 74 37 75 44 69 46 60 35 67 34 60 45 53
41 25 60 24 73 46 64 49 72 45
236487 1986 2 76 56 76 56 74 57 71 63 72 63 67 51 69 42 71 53 64
52 33 35 28 46 25 50 28 69 44
64 38 75 46 74 67 74 65 75 60 78 65 77 56 55 45 71 36 70 39 72 41 77
73 53 54 35
236487 1986 3 57 24 70 33 73 49 65 42 69 38 69 42 75 36 74 42 77
82 65 80 71 71 62 71 58 75 56
77 55 79 53 78 58 81 64 69 55 61 44 53 36 60 28 69 33 75 38 74 42 78
80 55 80 52 83 48 80 46 81 47
236487 1986 4 81 51 81 51 79 67 83 67 81 69 87 68 88 65 84 66 74
62 44 74 43 87 32 87 71 87 71
79 60 75 51 77 49 83 56 82 61 94 32 76 53 72 52 77 48 80 38 74 30 79
78 45 80 65 83 64 82 63
236487 1986 5 85 65 79 62 79 57 83 55 83 62 85 66 87 70 85 66 89
82 64 82 70 87 69 90 71 87 67
84 70 85 70 84 69 82 67 78 64 78 57 81 53 83 59 87 68 88 69 86 69 82
80 68 84 68 89 68 86 71 87 70
236487 1986 6 89 72 89 69 88 71 88 69 86 71 86 73 88 73 87 73 82
89 72 88 73 87 72 86 71 87 70
88 70 88 69 88 66 89 68 89 72 90 70 91 69 91 71 90 69 91 70 86 71 87
89 73 86 71 77 71 85 73
236487 1986 7 87 71 88 74 87 73 89 72 90 73 89 71 88 72 91 71 90
88 73 88 73 90 76 91 71 91 70
90 72 90 73 85 71 88 75 91 74 92 73 92 73 89 71 87 74 90 73110 75104
92 72 93 74 95 78100 78 97 79
236487 1986 8 97 78 92 71 93 70 95 71 94 72 89 70 92 72 93 71 89
92 72 86 71 91 71 92 68 90 70
92 73 93 73 92 74 91 76 92 72 92 70 88 67 90 67 94 70 94 69 99 69 98
92 71 86 71 84 66 79 65 88 68
236487 1986 9 88 71 90 71 91 70 89 69 91 71 91 70 83 69 91 65 91
92 69 88 73 89 74 89 69 89 68
90 70 89 72 91 66 92 70 89 72 92 73 86 74 89 70 89 66 89 70 90 71 92
92 72 91 69 91 71 87 70 1
236487 198610 90 72 90 73 90 72 91 70 91 70 85 65 75 63 73 66 77
82 68 84 65 77 70 72 57 70 53
74 49 71 48 73 50 76 47 78 51 74 59 75 47 77 52 70 64 75 62 73 55 73
73 49 74 46 86 47 77 47 78 47
236487 198611 76 53 74 55 76 55 78 59 71 56 71 53 84 62 85 70 80
76 60 69 54 61 50 52 35 49 33
•70
87
68
68
55
68
45
18
38
42
49
45
57
50
60
35
68
70
73
74
71
75
70
72
67
71
68
50
63
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68 48 79 54 79 71 82 68 69 63 76 55
52 49 54 49 66 51 66 52
236487 198612 67 54 55 37 58 34
58 39 47 37 53 39 59 34 59 40
53 48 59 52 66 56 58 50 52 46 61 40
57 39 54 36 57 31 56 39 46 34
23 6487 1987 1 54 29 56 29 59 43
50 38 46 28 58 25 56 32 50 45
60 49 59 54 55 52 70 44 46 35 42 37
57 25 71 37 75 56 69 40 69 34
236487 1987 2 69 43 68 46 70 44
62 28 70 39 74 43 73 49 73 46
69 56 59 49 49 40 43 34 53 39 56 48
72 65 71 56
236487 1987 3 64 46 65 44 70 41
63 43 44 37 60 31 64 33 66 35
74 45 78 54 72 55 75 50 75 50 79 56
74 52 80 47 65 51 51 33 55 32
23 6487 1987 4 67 34 71 40 53 35
77 47 76 57 83 58 79 65 73 51
76 53 76 48 84 46 89 53 89 52 90 53
89 51 91 60 86 49 88 55
236487 1987 5 87 56 86 59 82 66
84 64 85 64 85 65 80 64 87 67
87 66 84 66 87 66 87 68 89 67 88 67
84 68 8 8 - 30 86 68 85 69 87 67
236487 1987 6 90 67 90 73 86 71
83 69 79 71 84 73 85 71 84 71
89 71 87 70 84 70 79 71 86 72 87 73
87 68 86 63 84 63 87 71
236487 1987 7 85 71 88 71 89 72
91 71 92 72 92 73 91 74 89 73
88 69 91 70 87 73 91 69 88 70 89 70
91 68 93 70 90 73 92 72 92 71
236487 1987 8 92 74 92 76 91 76
83 74 85 75 87 76 86 77 90 77
91 76 91 75 91 74 90 74 91 75 94 73
88 73 91 73 90 72 86 71 78 69
236487 1987 9 83 70 86 64 90 62
88 70 87 70 89 68 89 66 91 68
91 71 87 72 89 73 87 71 84 71 84 63
83 60 83 65 83 70 81 62
236487 198710 82 54 83 50 73 54
82 49 84 48 71 51 73 42 76 42
75 40 76 41 81 43 84 53 81 53 82 57
71 50 69 41 73 38 77 42 79 45
236487 198711 81 45 81 50 82 55
59 42 56 36 62 30 62 34 74 45
77 61 80 59 66 45 65 43 66 44 62 42
66 53 56 38 56 35 63 45
236487 198712 60 35 63 31 72 36
65 40 74 40 69 58 71 57 79 55
55 37 49 35 52 26 56 41 70 51 64 58
71 69 56 45 49 34 52 33 60 49
67 47 77 53 81 65 74 65 74 55 56 51
60 39 60 37 62 32 68 38 75 59 76 58
52 46 53 45 55 45 51 38 61 35 59 36
45 36 61 34 65 31 69 45 62 48 71 47
39 35 47 32 53 26 62 35 60 39 47 30
60 53 55 51 53 48 63 40 71 40 56 :33
51 48 51 44 58 38 53 44 56 52 70 54
72 43 72 37 71 37 56 48 57 49 74 46
79 50 76 56 76 49 73 46 77 52 76 55
58 31 64 32 68 49 71 44 72 44 76 45
92 54 82 59 82 53 78 52 80 54 85 46
84 64 85 64 82 63 76 66 83 66 86 63
91 69 91 70 87 68 82 71 86 68 86 67
88 70 87 70 87 66 86 69 86 67 87 70
86 73 89 46 90 71 89 73 88 72 89 74
90 75 91 74 89 73 81 73 86 72 90 71
80 72 88 72 90 69 91 69 92 71 92 71
87 70 87 73 88 74 91 74 91 72 87 74
93 72 93 75 93 73 93 73 89 70 91 73
91 61 89 67 89 68 90 68 90 71 90 70
83 61 85 61 80 59 81 55 83 56 83 56
72 45 76 41 80 46 78 44 76 42 79 44
67 42 68 42 75 48 79 62 78 59 70 63
80 57 81 53 72 38 75 39 77 61 75 59
61 34 70 34 76 50 75 59 77 61 71 57
69 45 63 39 70 49 67 58 71 50 63 48
58 54 61 52 69 42 69 46 78 69 77 71
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TABLE 35
DRAINMOD GENERAL INPUT FILE OF SUBSURFACE DRAINED PLOT
*** Job Title ***
BENHUR - CONVENTIONAL DRAINAGE (10-04-89)
1981-1987 DRAINMOD ver. 4.0
*** Printout and Input Control ***
2 1 1  /home/gumbo/asaleh/dm40/output40/
*** Climate ***
236487 /home/gumbo/asaleh/dm40/weather/benhur.rai 
236487 /home/gumbo/asaleh/dm40/weather/benhur.tem 
1981 1 1987 12 3022 100
1.50 1.50 1.50 1.50 1.00 0.80 0.71 0.71 0.87 1.20 1.50 1.50 
** * Drainage System Design ***
41.48100.00 
1.00 
0 , 0 , 0
0 , 0 , o ,
0 , 0 , 0 ,
0 .5 0  
0100 0100  0100 
*** Soils *** 
150 .00  
50.  1 .2 0  120.
99
*** Trafficability 
3 7 7 1 720
7 11231 719
★ ★ ★ ClTOp ^
0 . 2 6 1  
410 818 
410 818 
12
1 1 
3 0 .0
8 1
2 0 0 0 . 0 0 0.25 1.91 0.25 12 .97
0 
0 , 
0.01 
0100
0.50
4.00
0
0100 0100 0100  0100  0100  0100 0100 0100
148. 0.10
2 . 0
2 . 0
1.3
1.3
2 . 0
2 . 0
30.00
3.0 331 3.0 418 10.0
15.0 921
5 1 15 
123110.0 1019 3.0
*** Wastewater Irrigation ***
0 0 0 368 1 6
0 0  0 0  0 0  0 0  
0.30000 0.50000 1.00 1.00 1.00
1.00 1.00
0 515 25.0 6 4 30.0 7 2 30.0 731
3.0
1.00  1.00  1.00  1.00 1.00 1.00  1.00
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TABLE 3 6
DRAINMOD GENERAL INPUT PARAMETER FILE OF NON-SUBSURFACE DRAINED PLOT
*** Job Title ***
BENHUR - CONVENTIONAL DRAINAGE (10-04-89)
1981-1989 DRAINMOD ver. 4.0
*** Printout and Input Control ***
1 1 1  /hoine/guinbo/asaleh/dm40/output40/
*** Climate ***
236487 /home/gumbo/asaleh/dm40/weather/benhur.rai 
236487 /home/gumbo/asaleh/dm40/weather/benhur.tern 
1981 1 1987 12 3022 100
1 . 5 0  1 . 5 0  1 . 5 0  1 . 5 0  1 . 0 0  0 . 8 0  0 . 7 1  
*** Drainage System Design ***
1
1 0 0 . 0 0  4 7 . 8 6  9 1 4 4 . 0 0
0 . 0 0
0 , 0 , 0
0 , 0 , 0 , 0
0 , 0 , 0 , 0 , 0
0 . 5 0  0 . 0 1
0100 0100 0100 0100 0100 0100 0100 
* * * Soils ***
1 5 0 . 0 0  0 . 5 0
5 0 .  1 . 2 0  1 2 0 .  4 . 0 0  1 4 8 .  0 . 1 0
99
*** Trafficability * * *
3 7 7 1 720  2 . 0
7 11231  719 2 . 0  
* * * Crop * * *
0 . 2 6 1
410 818 3 0 . 0 0
410 818  
12
1 1 3 . 0  331 3 . 0  418 1 0 . 0  5 1 15
3 0 . 0
8 1 1 5 . 0  921 1 0 . 0  1019 3 . 0  1231
*** Wastewater Irrigation ***
0 0 0 368  1 6
0 0  0 0  0 0  0 0  
0 . 3 0 0 0 0  0 . 5 0 0 0 0  1 . 0 0  1 . 0 0  1 . 0 0
1.00  1.00
0.71 0.87 1.20 1.50 1.50
0.25 1.91 0.25 12.97
0100 0100 0100 0100  0100
1.3 2.0
1.3 2.0
0 515 25.0 6 4 30.0 7 2 30.0 731
.0
1.00 1.00  1.00 1.00 1.00  1.00 1.00
147
TABLE 37
DRAINMOD SOILS INPUT F IL E  (BOTH PLOTS)
BENHUR. S IN  
915
0 . 4 5 8 0 0 0 . 0
0 . 4 5 2 0 0 - 1 0 . 0
0 . 4 4 0 0 0 - 2 0 . 0
0 . 4 2 2 0 0 - 4 0 . 0
0 . 4 0 2 0 0 - 6 0 . 0
0 . 3 8 1 0 0 - 1 0 0 . 0
0 .3 5 9 0 0 - 1 6 0 . 0
0 . 3 2 8 0 0 - 3 3 3  .3
0 .31200 - 1 0 0 0 . 0
0 .0 0 0 0 0 .0 0 0 0 1 .0 0 0 0
1 0 . 0 0 0 0 0 .1 0 0 0 0 .2 6 4 0
2 0 . 0 0 0 0 0 .3 9 0 0 0 .0 7 2 0
3 0 . 0 0 0 0 0 .6 5 0 0 0 .0 3 0 0
4 0 . 0 0 0 0 0 .9 0 0 0 0 .0 1 9 0
5 0 .0 0 0 0 1 . 1 0 0 0 0 . 0 1 2 0
6 0 .0 0 0 0 1 . 4 0 0 0 0 . 0 0 8 0
7 0 .0 0 0 0 1 .8 0 0 0 0 . 0 0 5 8
8 0 .0 0 0 0 2 . 2 0 0 0 0 .0 0 4 0
1 0 0 .0 0 0 0 3 .0 0 0 0 0 . 0 0 0 0
1 2 0 .0 0 0 0 4 . 5 0 0 0 0 .0 0 0 0
1 6 0 .0 0 0 0 8 .0 0 0 0 0 .0 0 0 0
2 0 0 .0 0 0 0 1 2 .2 0 0 0 0 .0 0 0 0
5 0 0 .0 0 0 0 5 0 .0 0 0 0 0 .0 0 0 0
1 0 0 0 .0 0 0 0 1 0 0 .0 0 0 0 0 .0 0 0 0
g
0 . 0 0 0 .0 0 0 . 4 0
3 0 . 0 0 0 .4 0 0 . 4 0
6 0 .0 0 0 .8 0 0 . 4 0
1 2 0 . 0 0 1 . 1 2 0 . 4 0
1 5 0 . 0 0 1 . 7 6 0 .4 0
5 0 0 . 0 0 1 . 7 6 0 . 4 0
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TABLE 38
DRAINMOD YIELD INPUT F IL E  (BOTH PLOTS)
115 100 0 . 8 7 0 0  3 . 0 0 0 0  1 .1 7 0 0  4 2 .0 00 0
30 3 1 1 .1 6 0 0  - 1 . 1 7 0 0  0 . 0 5 8 0  - 0 . 0 0 0 5  1 00 .00 00  1 .5 0 0 0
1 0 0 .0 0 0  1 .2 2 0  1 0 3 .0 0 0  0 .4 2 0  90 100 1
0 4 2 0 .5 1  43 8 0 0 .3 3  8 11 0 0 0 .0 2  
0 . 0 0 0 . 0 0 0 . 0 0 0 . 5 0 0 . 5 0 1 . 0 0 1 . 0 0 1 . 7 5 2 . 0 0 2 . 0 0 1 . 3  0 1 . 3 0 1 . 3  0 1 . 3 0 1 . 2  0 1 . 0 0 0 . 5 0 0 . 0 0  
0 .0 0 0 . 0 0
0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 000 .0 0
APPENDIX C
PROCEDURE TO DETERMINE THE GREEN-AMPT INFILTRATION
PARAMETER
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Approximate equations for predicting infiltration rates 
have been proposed by Green-Ampt (1911) , Horton (1939) , Philip 
(1957) and Holton et al. (1967), among others. Of these,
Green-Ampt equation appears to be the most flexible and is 
used to characterize the infiltration component in DRAINMOD 
(Skaggs, 1980).
The Green-Ampt equation was originally derived for deep 
homogeneous profiles with a uniform moisture content.
Water
Wet S o il
W etting Front
Dry Soil
Figure 30. Definition sketch for derivation of the 
Green-Ampt equation (Skaggs, 1980) .
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By applying Darcy's law yields,
f = -Ks (H2 - HJ/L e (53)
Where,
f = infiltration rate which is equal to downward flux 
{cm/hr)
Lf = the length of the wetted zone (cm)
Ks = hydraulic conductivity of the wetted zone or 
transmission zone (cm/hr)
Ha = hydraulic head at soil surface (cm)
H 2 = hydraulic head at wetting front (cm)
By taking soil surface as a reference level yields ,
Hi = pressure head + gravitational head 
=  H 0 +  0
H, = pressure head + gravitational head 
= hf + (-Lf)
= hf -Lf
Equation (53) may be written as,
f = -Ks (hf - Lf - Hj/Lf (54)
Note that hf is a negative quantity. Now let Sav = -hf where
Sav is the effective suction at the wetting front for hE, 
equation (54) may be written as,
f = Ks (Sav + Lf + H0)/Lf (55)
At any time the cumulative infiltration, F, may be expressed
as,
F = (0S - ejLf = MLf (56)
Where,
0S = volumetric water content at wet zone (cm3/cm3)
0f = initial water content (cm3/cm3)
M = initial soil water deficit (0S - 0j)
Assuming H0 is negligible compared to Sav and Lf, and solve
equation (56) for 1/Lf = M/F, equation (55) may be written as,
f = Ks (S av + Lf) /Lf
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= Ks Sav/Lf + Ks
= Ks Sav M/F + Ks (57)
For a given soil with a given initial water content, equation 
(57) may be written as,
f = A/F + B (56)
where A and B are known as Green-Ampt parameters that depend
on the soil properties, initial water content distribution,
surface conditions such as cover, crusting etc.
The Green-Ampt infiltration parameters is calculated by 
following the procedure outlined by Skaggs (1980) and using 
the data reported by Fouss et al. (1987) .
Procedures
The data require for this procedure are the wetted 
hydraulic conductivity (Ks) and the soil water desorption 
characteristics. When measured value of Ks is not available, 
Bouwer (1966) suggested that Ks may be approximated as Ks=0.5 
K0 where Kc is the saturated hydraulic conductivity.
1. Determine the value of Sav as suggested by 
Brakensiek (1977) . For a layered soil,
Sav should be based on properties of the 
surface horizon.
Sav = hce n/(n-l)
where,
hce = 0.5 of bubbling pressure
n = parameter obtained from soil water 
characteristic
a. Plot the soil water characteristic 
(water content cirvVcm3 vs. pressure head, 
cm) . Determine the value of 0r (residual 
saturation) from this plot. 0r is the 
value of the horizontal asymptote.
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b. Calculate saturation (S) at selected 
pressure head, h t.
s = e i / e s
where,
0i = water content at pressure head i 
0S = saturated water content
c. Calculate the residual saturation 
(Sr) .
Sr = 0r /0 s
d. Calculate the effective saturation,
Se, at selected pressure head.
Se = (S - Sr)/(1 - Sr)
e. Plot log Se vs. log (-h) on log-log 
paper.
f. From the plot determine the value of 
bubbling pressure and the parameter n.
The bubbling pressure is the straight 
line intercept of the -h axis and
n = 2 + 3X, where X is the slope.
2. Calculate the parameter A and B in the 
Green-Ampt equation.
a. The value of B is approximated to 
0. 5K0 if the measured value of Ks is not 
available. For a layered soil, use the 
weighted value.
b. Calculate the parameter A.
A = Ksav M
where,
Ks, M, and Sav are defined 
previously.
Calculation of parameters A and B for Alluvial soil as 
discussed by Skaggs (1980).
The required values for this calculation are obtained
from Fouss et al., 1987 (Table 1 and Table 3). As suggested
by Skaggs (1980), the soil water desorption characteristics
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0.5
0 .4
0.3
Or =  0 .20
0.2
- 8 0 0 - 6 0 0 - 4 0 0 -2 0 0- 1 0 0 0
PRESSURE HEAD (cm )
Figure 31. Soil Water Characteristic for an Alluvial Soil
20 30 * )  St 60 70 80 90 joo 200 300 4oO 5oo 600 7W 8» 9»iooo
Figure 32. Determination of Bubling Pressure, Pb, and ri from the Effective 
Saturation, s8
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for the first layer is used in determining the value of Sav.
TABLE 3 9
EFFECTIVE SATURATION AND PRESSURE HEAD OF AN ALLUVIAL SOIL
(Sr = 0.426)
Pressure 
Head (cm)
Water 
Content 
(cm3 / cm3)
Saturation
S
Residual
Saturation
Se
0 0.470 1.000 1.000
-10 0.450 0 . 957 0.925
-20 0 .430 0.915 0 .852
-40 0 .404 0.860 0 .756
-60 0 .368 0 .783 0.622
-100 0 .340 0.723 0 .517
-160 0.312 0.664 0.415
-333 0 .276 0 .587 0 .280
-1000 0 .250 0 .532 0.185
0S = 0.470
0r = 0.20 (from Figure 32)
Sr = 0.20/0.47 = 0.426
The values of Pb and n are obtained from Figure 33. These 
values are used to calculate the value of Sav.
Sav = 0.5 Pb n/ (n-1)
= 0.5 (22) (3 .62)/(3 .62-1)
= 15.1985 
= 15.20
The value of saturated conductivity vs. soil depth as used by 
Fouss et al. were,
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Depth of soil Saturated hydraulic
cm conductivity, cm/hr
0.0 to 50.0 1.2
50.0 to 120.0 4.0
120.0 to 141.5 0.1
The A and B parameters are calculated for the watertable depth 
of 0, 30, 60, 120, 150, and 500 cm.
a. Watertable depth = 0 cm
M = 0.47 - 0.47 = 0  > A = 0
B = 0. 5KC = 0.5(1.2) = 0.60 cm2/hr
b. Watertable depth = 30 cm
B = 0. 5K0 = 0.5(1.2) = 0.60 cm2/hr 
M = 0.47 - 0.41 = 0.06 
A = 15.20 (0.60) (0.06) = 0.55 cm2/hr
c. Watertable depth = 60 cm
Kc = [(50X1.2) + (10X4)]/60 =1.67 cm/hr 
B = Ks = 0.5(1.67) = 0.84 cm/hr 
M = 0.47 - 0.37 = 0.10 
A = 15.20 (0.84) (0.10) = 1.28 cm2/hr
d. Watertable depth = 120 cm
K0 = [(50X1.2) + (70X4)]/120 =2.83 cm/hr 
B = Ks = 0.5(2.83) = 1.42 cm/hr 
M = 0.47 - 0.33 = 0.14 
A = 15.20 (1.42) (0.14) = 3.02 cm2/hr
e. Watertable depth = 150 cm
Kc = [(50X1.2) + (70X4) + (30X0.1)1/120 
= 2.29 cm/hr
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B = Ks = 0.5(2.29) = 1.15 cm/hr
M = 0.47 - 0.315 = 0.155
A = 15.20(1.15)(0.155) = 2.71 cm2/hr
f. Watertable depth = 500 cm
For watertable depth greater than 150 cm, a dry 
zone normally develops at the surface with an assumed 
©i = 0.22 (Skaggs, 1980).
B = Ks = 0.5(2.29) = 1.15 cm/hr
M = 0.47 - 0.22 = 0.25
A = 15.20(1.15) (0.25) = 4.37 cm2/hr 
The parameters for the Green-Ampt infiltration equation 
for the an Alluvial soil (Commerce Clay Loam Soil) calculated 
as discussed by Skaggs (1980) is shown in Table 40.
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TABLE 40
PARAMETERS FOR THE GREEN-AMPT INFILTRATION EQUATION FOR 
VARIOUS WATERTABLE DEPTHS AT THE START OF RAINFALL (COMMERCE 
CLAY LOAM SOIL CALCULATED AS SUGGESTED BY SKAGGS, 1980)
Initial 
watertable 
depth, cm
A
(A=KsMSav) 
cm2/hr
B
(B=KS)
cm/h
0 0.00 0.60
30 0.55 0 .60
60 1.28 0.84
120 3 .02 1.42
150 2 .71 1.15
500 4 .37 1.15
For an alluvial soil, the saturated hydraulic 
conductivity of the top layer (0 to 50 cm) is smaller than the 
saturated hydraulic conductivity of the second layer (50 to 
120 cm) and the second layer is thicker than the top layer. 
Therefore, the infiltration is controlled by the top layer.
The procedure to calculate the Green-Ampt parameters 
suggested by Skaggs (1980) should account this phenomena. The 
saturated hydraulic conductivity of the first layer should be 
used for all calculations instead of the weighted value. The 
procedure 2(a) should be changed to;
The value of B is approximated to 0.5Ko if the measured 
value of Ks is not available. For layered soil, use the 
saturated hydraulic conductivity that controlled the 
infiltraion.
The new Green-Ampt parameters were calculated based on
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this observations. The values are shown in Table 41.
TABLE 41
MODIFIED PARAMETERS FOR THE GREEN-AMPT INFILTRATION EQUATION 
FOR VARIOUS WATERTABLE DEPTHS AT THE START OF RAINFALL 
(COMMERCE CLAY LOAM SOIL CALCULATED AS SUGGESTED BY SKAGGS,
1980)
Initial A B
watertable (A=KMSav) (B=KS)
depth, cm cm5/hr cm/h
0 0.00 0.60
30 0 .55 0.60
60 0.91 0.60
120 1.28 0.60
150 1.41 0.60
500 1.41 0.60
APPENDIX D
DOCUMENTATION OF CREAMS INPUT PARAMETER FILES
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TABLE 42
CREAMS EROSION PARAMETERS FILE OF SUBSURFACE DRAINAED PLOT
BEN HUR FARM 81-87 Plot E (Subsurface Drained Plot)
EROSION PARAMETERS 
ABDUL SALEH, SEPT. 1991
81 87 2 1 0 1 0
1.05E-05 .035 71.2 .246 .03 .64
.33 .27 .4 .02 750.0 4.0 .05 1000.0
t .0014 656.2 0.03.51 656.2 .0014 .0014 .0
0 . 0
1 1.0 .63
7
001 120 151 212 243
001 120 151 212 243
001 120 151 212 243
001 120 151 212 243
001 120 151 212 243
001 120 151 212 243
001 120 151 212 243
1 1.0
.40 .40 .40 .40 .40
1.0 1.0 1.0 1.0 1.0
.035 .045 .090 .060 .040
.40 .40 .40 .40 .40
1.0 1.0 1.0 1.0 1.0
. 035 .045 .090 .060 .040
.40 .40 .40 .40 .40
1.0 1.0 1.0 1.0 1.0
.035 .045 .090 .060 .040
.40 .40 .40 .40 .40
1.0 1.0 1.0 1.0 1.0
.035 .045 .090 .060 .040
.40 .40 .40 .40 .40
1.0 1.0 1.0 1.0 1.0
.035 .045 .090 .060 .040
.40 .40 .40 .40 .40
1.0 1.0 1.0 1.0 1.0
.035 .045 .090 .060 .040
.40 .40 .40 .40 .40
1.0 1.0 1.0 1.0 1.0
.035 .045 .090 .060 .040
656.2
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TABLE 43
CREAMS EROSION PARAMETERS FILE OF NON-SUBSURFACE DRAINED PLOT
BEN HUR FARM 81-87 Plot G (Non-Subsurface Drained Plot) 
EROSION PARAMETERS
lBDUL SALEH, SEPT . 1991
81 87 2 1 0
1.05E-05 .035 71.2 .246
.33 .27 .4 .02 7!
3.84 656.2 .0014 .0014 .
0.0
1 1.0 .63
7
001 120 151 212 243
001 120 151 212 243
001 120 151 212 243
001 120 151 212 243
001 120 151 212 243
001 120 151 212 243
001 120 151 212 243
1 1.0
.40 .40 .40 .40 .40
1.0 1.0 1.0 1.0 1.0
.035 .045 .090 .060 .040
.40 .40 .40 .40 .40
1.0 1.0 1.0 1.0 1.0
.035 .045 .090 .060 .040
.40 .40 .40 .40 .40
1.0 1.0 1.0 1.0 1.0
.035 .045 .090 .060 .040
.40 .40 .40 .40 .40
1.0 1.0 1.0 1.0 1.0
.035 .045 .090 .060 .040
.40 .40 .40 .40 .40
1.0 1.0 1.0 1.0 1.0
.035 .045 .090 .060 .040
.40 .40 .40 .40 .40
1.0 1.0 1.0 1.0 1.0
.035 .045 .090 .060 .040
.40 .40 .40 .40 .40
1.0 1.0 1.0 1.0 1.0
.035 .045 .090 .060 .040
1
.03 .64
4.0 .05 1000.0
,0014 656.2 0.0 656.2
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TABLE 44
CREAMS NUTRIENT PARAMETERS FILE FOR BOTH PLOTS
CREAMS NUTRIENT MODEL PARAMETERS 
BEN HUR RESEARCH FARM, LOUISIANA
ABDUL SALEH, SEPT. 1991
81001 1 0 0 1 0
.47 .34 1.0
2
0.2 0.2 20.0 .001 .001 .091 .1
-0 .05 0.07
81001 81365
2 126 224
750.0 14550.0 2.0 245.0 60.0 27.0 225.0
81113
109.0 38.0 0.1
81140
108.0 0.0 1.0
82001 82365
2 120 214
750.0 18600.0 2.0 245.0 60.0 27.0 225.0
82105
109.0 38.0 0.1
82141
108.0 0.0 1.0
83001 83365
2 125 209
750 .0 13090 .0 2.0 245.0 60 .0 27 .0 225.0
83089
109.0 24.4 0.1
83145
108.0 0.0 1.0
84001 84366
2 104 194
750.0 20380.0 2.0 245.0 60.0 27.0 225.0
84089
109.0 24.4 0.1
84136
108.0 0.0 1.0
85001 85365
2 106 193
750.0 18070.0 2.0 245.0 60 .0 27.0 225.0
85093
109.0 24.4 0.1
85126
108.0 0.0 1.0
86001 86365
2 111 203
750.0 8510.0 2.0 245.0 60.0 27 .0 225.0
86085
109.0 24.4 0.1
86134
108.0 0.0 1.0
87001 87365
2 115 213
750.0 9280.0 2.0 245.0 60.0 27 .0 225.0
87105
109.0 24.4 0.1
87146
108.0 0.0 1.0
APPENDIX E
MONTHLY VALUES OF DRAINMOD-CREAMS SIMULATED AND OBSERVED DATA
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TABLE 45
OBSERVED AND SIMULATED MONTHLY SURFACE RUNOFF (cm) OF 
SUBSURFACE DRAINED PLOT
Month Observed Simulated
1 0.00 0.00
2 12.59 9 .93
3 0.08 0.00
4 0.00 0.00
5 0.36 0.19
6 4.25 5.32
7 1.65 0.62
8 0.04 0 .60
9 0.00 0.35
10 0.00 0.00
11 0.00 0.00
12 0.20 2.36
13 0.51 0.87
14 2.74 4.40
15 0.00 0.00
16 2.38 0.93
17 0.02 0.00
18 0.00 0.00
19 0.00 0.00
20 2.54 5.93
21 0 .34 0.30
22 0.07 0.74
23 0.05 0.31
24 16.05 21.38
25 2.03 4.10
26 1.57 3 .21
27 0.07 1.58
28 10.21 10.53
29 5.25 7 .11
30 8.34 6.34
31 0.00 0.53
32 12.71 10.77
33 2.20 2.49
34 0.00 0.00
35 0.12 2.19
36 4.13 4.23
37 0.00 0.00
38 2.05 2.93
39 0.00 0.43
40 0.00 0.00
41 0 .40 1.51
42 0.00 0.00
43 0.35 0.78
44 0.38 0.13
45 0.58 0.49
46 9.16 5.88
47 0.18 0.01
48 1.88 1.07
49 3 .90 2.58
50 2.05 1.93
51 2.25 2.12
52 3 .46 3 .58
53 0.02 0 .15
54 0.02 1.58
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TABLE 45 (Continued)
Month Observed Simulated
55 7.91 4.26
56 4.24 1.59
57 3.78 5.15
58 4.84 7.55
59 0.00 0.00
60 1.23 1.90
61 0.00 0.00
62 5.53 5.69
63 0.03 0.00
64 0.00 0.00
65 0.00 0.00
66 0.10 1.63
67 5.18 2.06
68 0.64 0.77
69 0.00 0.00
70 0.00 0.73
71 13.27 14.96
72 4.14 4.41
73 7.42 7.43
74 4.09 5.30
75 0.92 2.68
76 0.00 0.00
77 3.55 1.62
78 14.66 10.71
79 0.02 0.00
80 11.50 10.36
81 0.00 0.00
82 0.00 0.00
83 0.10 5.24
84 0.00 0.00
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TABLE 46
OBSERVED AND SIMULATED MONTHLY SURFACE RUNOFF (cm) OF 
NON-SUBSURFACE DRAINED PLOT
Month Observed Simulated
1 0.00 0.35
2 14.70 17 .66
3 0.15 0.00
4 0.00 0.00
5 0.58 0.19
6 6.22 5.77
7 2.52 2.17
8 0 .02 0.64
9 0.00 0.35
10 0.00 0.00
11 0.00 0.00
12 1.60 7 .61
13 2.19 4.02
14 7 .38 10 .28
15 0.00 0.00
16 3 .56 2.28
17 0.00 0.00
18 0.00 0.00
19 0.00 0.00
20 2.12 5.94
21 0 .25 0.36
22 0.18 1.58
23 0 .06 0.33
24 21.08 30.76
25 4.33 8.12
26 5.51 10.21
27 1.47 6.33
28 14.28 16.45
29 10.22 8.31
30 11.05 8.78
31 0.00 0.65
32 19.65 13 .48
33 4.29 3 . 68
34 0.00 0.00
35 1.04 3 .80
36 5.95 10.91
37 1.00 6.04
38 5.58 11.24
39 0.00 0.48
40 0.00 1.52
41 0.19 0.00
42 0.00 0.00
43 0.22 0.78
44 0.42 0.13
45 0 .78 0.52
46 9.85 11.30
47 0.32 0.01
48 2.45 3 .94
49 4.24 8.22
50 4.96 7 .52
51 3 .41 4.44
52 4.84 3.64
53 0.08 0.15
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TABLE 46 (Continued)
Month Observed Simulated
54 0.00 1.58
55 3.68 4.26
56 4.72 2.25
57 4.51 7.76
58 12.46 10.59
59 0.00 0.00
60 2.82 5.01
61 0.06 1.40
62 7.24 9.50
63 0.30 0.29
64 0.00 0.00
65 0.00 0.00
66 0.73 1.63
67 5.52 2.06
68 4.10 0.77
69 0.00 0.00
70 0.19 1.29
71 18.97 21.29
72 9.83 11.70
73 13.35 16.98
74 10.51 14.74
75 3.96 6.12
76 0.00 0.50
77 5.12 1.91
78 17.77 17.60
79 1.15 2.29
80 15.48 13.73
81 0.00 0.00
82 0.00 0.00
83 0.12 5.40
84 0.00 0.55
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TABLE 47
OBSERVED AND SIMULATED MONTHLY SEDIMENT LOSS (kg/ha) OF
SUBSURFACE DRAINED PLOT
Month Observed Simulated
1 0.0 0.0
2 3.6 1259.7
3 0.3 0.0
4 0.0 0.0
5 26.9 0.0
6 360.3 172.9
7 11.6 24.7
8 0.5 24.7
9 0.0 24.7
10 0.0 0.0
11 0.0 0.0
12 9.4 222.3
13 30.0 24.7
14 252.9 419.9
15 0.0 0.0
16 675.9 49.4
17 6.4 0.0
18 0.0 0.0
19 0.0 0.0
20 177.7 296.4
21 13.5 24.7
22 2.8 49.4
23 0.0 24.7
24 1428.3 2395.9
25 57.6 395.2
26 162.2 321.1
27 11.3 148.2
28 2445.7 1803.1
29 604.6 592.8
30 462.0 197.6
31 0.0 24.7
32 934.7 642.2
33 276.4 222.3
34 0.0 0.0
35 9.3 172.9
36 505.9 345.8
37 0.0 0.0
38 338.3 296.4
39 0.0 24.7
40 0.0 0.0
41 57 .4 98.8
42 0.0 0.0
43 33.0 24.7
44 51.6 0.0
45 123.6 24.7
46 769.6 469.3
47 16.9 0.0
48 104.3 24.7
49 806.6 321.1
50 218.5 148.2
51 207.3 321.1
52 666.7 691.6
53 2.9 0.0
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TABLE 47 (Continued)
Month Observed Simulated
54 3.4 49.4
55 1278.8 172.9
56 412.0 49.4
57 623.1 494.0
58 7 57.0 592.8
59 0.0 0.0
60 185.7 98.8
61 0.0 0.0
62 1107.5 889.2
63 56.2 0.0
64 0.0 0.0
65 0.0 0.0
66 18.3 49.4
67 608.0 74.1
68 98.4 24.7
69 0.0 0.0
70 0.0 24.7
71 1406.8 2321.8
72 279.0 222.3
73 598.8 617.5
74 606.5 444.6
75 102.9 271.7
76 0.0 0.0
77 629.6 98.8
78 617.1 271.7
79 0.0 0.0
80 1264.0 469.3
81 0.0 0.0
82 0.0 0.0
83 7.5 691.6
84 0.0 0.0
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TABLE 48
OBSERVED AND SIMULATED MONTHLY SEDIMENT LOSS (kg/ha) OF
NON-SUBSURFACE DRAINED PLOT
Month Observed Simulated
1 0.0 0.0
2 8.6 1951.3
3 0.6 0.0
4 0.0 0.0
5 40.6 0.0
6 418.9 172.9
7 19.5 49.4
8 0.1 24.7
9 0.0 24.7
10 0.0 0.0
11 0.0 0.0
12 104.3 469.3
13 131.5 296.4
14 573.0 1062.1
15 0.0 0.0
16 785.7 148.2
17 0.0 0.0
18 0.0 0.0
19 0.0 0.0
20 71.5 296.4
21 9.9 24.7
22 7.0 74.1
23 0.0 24.7
24 2003.9 3606.2
25 186.4 691.6
26 446.2 1037 .4
27 186.4 642.2
28 2666.8 2494.7
29 956.6 741.0
30 820.9 247 .0
31 0.0 24.7
32 698.0 765.7
33 386.8 321.1
34 0.0 0.0
35 236.8 296.4
36 613.4 1012 .7
37 55.3 247 .0
38 1536.3 1037 .4
39 0.0 24.7
40 0.0 0.0
41 14.3 98.8
42 0.0 0.0
43 22.5 24.7
44 54.5 0.0
45 155.1 24.7
46 935.2 1037 .4
47 22.4 0.0
48 172.7 222.3
49 1502.4 815.1
50 900.8 518.7
51 423.1 419.9
52 1237.1 691.6
53 29.5 0.0
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TABLE 48 (Continued)
Month Observed Simulated
54 0.0 49.4
55 1140.4 172.9
56 515.8 74.1
57 915.7 716.3
58 2940.6 790.4
59 0.0 0.0
60 407.2 321.1
61 9.4 24.7
62 1408.5 1432.6
63 55.7 24.7
64 0.0 0.0
65 0.0 0.0
66 151.5 49.4
67 839.9 74.1
68 3 62.6 24.7
69 0.0 0.0
70 17.5 49.4
71 1971.3 2914.6
72 743.7 691.6
73 976.3 1235.0
74 1867.4 1136.2
75 414.5 839.8
76 0.0 24.7
77 1074.3 123 .5
78 694.7 370 .5
79 127.9 24.7
80 3464.3 741.0
81 0.0 0.0
82 0.0 0.0
83 32.7 741.0
84 0.0 24.7
APPENDIX F
SUMMARY OF STATISTICAL ANALYSES MADE ON LINEAR REGRESSION 
BETWEEN SIMULATED AND OBSERVED VALUES 
(DRAINMOD-CREAMS MODEL)
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TABLE 49
SUMMARY OF STATISTICAL ANALYSIS MADE ON LINEAR REGRESSION BETWEEN OBSERVED 
AND SIMULATED MONTHLY SURFACE RUNOFF OF SUBSURFACE DRAINED PLOT 
(DRAINMOD-CREAMS MODEL)
Analysis of Variance
Sum of Mean
Source DF* Squares Square F Value Pr, F
Model 1 1037.87656 1037.87656 455.251 0.0001
Error 82 186.94271 2.27979
C Total 83 1224.81927
Conclusion: If Pr, F<0.05 conclude that a significant linear
relationship between simulated monthly surface runoff and 
observed monthly runoff does exist.
If Pr, F>0.05 conclude that there is no significant linear 
relationship between simulated monthly surface runoff and 
observed monthly runoff.
Parameter Estimates
Variable DF
INTERCEP
OBSERVED
Parameter
Estimate
0.419005
0.909768
Standard
Error
0.19630510
0.04263882
T for HO: 
Parameter=0
2.134
21.337
Conclusion: If Pr, t>0.05 conclude H0
t-test for H„: Bi = 1 vs. H,: B, ^ 1 
_ *i-Pi _ 0.91 - 1.0 _ _9
c " ~sv5T " — onra—  - ^
Pr, t
0.0358
0.0001
td£=82,a=0.05 - 2 .887 
Conclusion: If |t*| < t conclude H0: Pt = 1 
If 11* | > t conclude HA: P* ^ 1
* DF - stands for degree of freedom 
Pr - stands for probability
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TABLE 50
SUMMARY OF STATISTICAL ANALYSIS MADE ON LINEAR REGRESSION BETWEEN OESERVED 
AND SIMULATED MONTHLY SURFACE RUNOFF OF NON-SUBSURFACE DRAINED PLOT
(DRAINMOD-CREAMS MODEL)
Analysis of Variance
Profc»F
0.0001
relationship between simulated monthly surface runoff and 
observed monthly runoff does exist.
If Pr, F>0.05 conclude that there is no significant linear 
relationship between simulated monthly surface runoff and 
observed monthly runoff.
Sum of Mean
Source DF Squares Square F Value
Model 1 2541.35912 2541.35912 442.852
Error 82 470.56671 5.73862
C Total 83 3011.92582
Conclusion: If Pr, F<0.05 conclude that a significant linear
Parameter Estimates
Variable DF
INTERCEP
OBSERVED
1
1
Parameter
Estimate
0.814062
1.038571
Standard
Error
0.32243751
0.04935226
T for HO: 
Parameter=0
2.525 
21.044
Prob > |TI
0.0135 
0.0001
Conclusion: If Pr, t>0.05 conclude H0
t-test for H„: Bi = 1 vs. H,: Bi * 1
t- • .. ^1 _ 1.04-1.0 _ n on
" TT5TT " 0TTT5  "
tdf=82,a=0.05 - 2 . 8 8 7
Conclusion: If |t*| < t conclude H0: Pt = 1
If |t*| > t conclude HA: Pi ^ 1
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TABLE 51
SUMMARY OF STATISTICAL ANALYSIS MADE ON LINEAR REGRESSION BETWEEN OBSERVED 
AND SIMULATED MONTHLY SEDIMENT LOSS OF SUBSURFACE DRAINED PLOT 
(DRAINMOD-CREAMS MODEL)
Analysis of Variance
Source
Model 
Error 
C Total
DF
Sum of 
Squares
Mean
Square
1 9301756.7748 9301756.7748
82 7370317.9147 89881.925789
83 16672074.69
F Value 
103.4890
Prob>F 
0.0001
Conclusion: If Pr, F<0.05 conclude that a significant linear
relationship between simulated monthly sediment and 
observed monthly runoff does exist.
If Pr, F>0.05 conclude that there is no significant linear 
relationship between simulated monthly sediment loss and 
observed monthly runoff.
Parameter Estimates
Variable DF
Parameter
Estimate
Standard
Error
T for HO: 
Parameter=0 Prob > ITI
INTERCEP
OBSERVED
1
1
36.541565
0.762844
38.39835947
0.07498759
0.952
10.173
0.3441
0.0001
Conclusion: If Pr, t>0.05 conclude H0
t-test for H„: B. = 1 vs. H.: Bi * 1
= i^-Pi _ 0.76-1.0 = ^
~ bt ) ~  07TJ7--- “
tdf=82,o=o.o5 - 2.887
Conclusion: If |t*| < t conclude H0: = 1
If 11* | > t conclude HA: 5* 1
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TABLE 52
SUMMARY OF STATISTICAL ANALYSIS MADE ON LINEAR REGRESSION BETWEEN OBSERVED 
AND SIMULATED MONTHLY SEDIMENT LOSS OF NON-SUBSURFACE DRAINED PLOT
(DRAINMOD-CREAMS MODEL)
Analysis of Variance
Source
Model 
Error 
C Total
DF
Sum of 
Squares
Mean
Square
1 15627952.599 15627952.599
82 20294640.484 247495.61565
83 35922593.082
F Value 
63.144
Prob>F 
0 .0001
Conclusion: If Pr, F<0.05 conclude that a significant linear
relationship between simulated monthly sediment loss and 
observed monthly runoff does exist.
If Pr, F>0.05 conclude that there is no significant linear 
relationship between simulated monthly sediment loss and 
observed monthly runoff.
Parameter Estimates
Variable DF
Parameter
Estimate
Standard
Error
T for HO: 
Parameter=0 Prob > IT|
INTERCEP
OBSERVED
1
1
129.825676
0.607462
64.63933817 
0.07644544
2.008 
7 .946
0 .0479 
0 .0001
Conclusion: If Pr, t>0.05 conclude H0
t-test for H„: Bi = 1 vs. H.: Bi ^ 1
- bi-Pi = 0.61-1.0 _4 88
S TE J   0TTT8-----
tdf=82,a=0.05 - 2 . 8 87
Conclusion: If 11*| < t conclude H0: Pj = 1
If 11*| > t conclude HA: Pj * 1
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Legend: A = 1 obs, B = 2 obs, etc. 
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Figure 33. Residual Plot of the Relationship Between Observed
and Simulated Monthly Surface Runoff of Subsurface 
Drained Plot (DRAINMOD-CREAMS Model).
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Legend: A = 1 obs, B = 2 obs, etc.
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Figure 34. Residual Plot of the Relationship Between Observed
and Simulated Monthly Surface Runoff of Non-
Subsurface Drained Plot (DRAINMOD-CREAMS Model).
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Legend: A = 1 obs, B = 2 obs, etc.
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Figure 35. Residual Plot of the Relationship Between Observed
and Simulated Monthly Sediment Loss of
Subsurface Drained Plot (DRAINMOD-CREAMS Model).
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Legend: A = 1 obs, B = 2 obs, etc.
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Figure 36. Residual Plot of the Relationship Between Observed
and Simulated Monthly Sediment Loss of Non-
Subsurface Drained Plot (DRAINMOD-CREAMS Model).
APPENDIX G
MONTHLY VALUES OF CREAMS NUTRIENT SUBMODEL SIMULATED
AND OBSERVED DATA
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TABLE 53
OBSERVED AND SIMULATED MONTHLY NITROGEN LOSS (kg/ha) OF 
SUBSURFACE DRAINED PLOT (CREAMS model)
Month Observed Simulated
1
2 • • • « • • • • • •
3 0 .000 0.000
4 0 .000 0.000
5 0.060 0.015
6 1.643 4.274
7 0.231 0.032
8 0.007 0.032
9 0.000 0.035
10 0.000 0.000
11 0.000 0.000
12 0 .021 0.212
13 0 .061 0.081
14 0.208 0.353
15 0.000 0.000
16 1.194 0.190
17 0.002 0.000
18 0.000 0.000
19 0.000 0.000
20 0.167 0.608
21 0.024 0.034
22 0.005 0.039
23 0 .000 0.032
24 0.879 4.536
25 0.010 0.321
26 0 .041 0.279
27 0.174 0.157
28 8.932 2.682
29 2.105 0.546
30 0.872 1.710
31 0.000 0.011
32 0.212 0.502
33 0.316 0.199
34 0.000 0.000
35 0.036 0.199
36 0.047 0.330
37 0.000 0.000
38 0.011 0.267
39 0.000 0.036
40 0.000 0.000
41 0.287 1.501
42 0.000 0.000
43 0.043 0.045
44 0.026 0.002
45 0.023 0.051
46 0.471 0.551
47 0.002 0.000
48 0 .036 0.048
49 0.762 0.285
50 0.281 0.153
51 0.084 0.261
52 1.119 1.689
53 0 .008 0.328
54 0.010 0.564
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TABLE 53 (Continued)
Month Observed Simulated
55 0 .872 0.188
56 0.055 0.190
57 1.385 0 .558
58 0.486 0.551
59 0.000 0.000
60 0.022 0.113
61 0.000 0.000
62 0.011 0.528
63 0.010 0.000
64 0.000 0.000
65 0.000 0.000
66 0.010 0.183
67 0.408 0.083
68 0.042 0.033
69 0.000 0.000
70 0.000 0.042
71 0.994 1.423
72 0.077 0.250
73 0.046 0.534
74 0.099 0.447
75 0.022 0.254
76 0.000 0.000
77 1.433 0.510
78 1.995 2.67 6
79 0.000 0.000
80 0 .939 0.484
81 0.000 0.000
82 0.000 0.000
83 0.010 0.439
84 0.000 0.000
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TABLE 54
OBSERVED AND SIMULATED MONTHLY NITROGEN LOSS (kg/ha) OF 
NON-SUBSURFACE DRAINED PLOT (CREAMS model)
Month Observed Simulated
1
2 • « • • • .........
3 0.000 0.000
4 0.000 0.000
5 0.088 0.015
6 2.167 4.970
7 0.367 0.049
8 0.003 0.032
9 0.000 0.035
10 0.000 0.000
11 0.000 0.000
12 0.482 0.907
13 0.258 0.730
14 0.459 1.482
15 0.000 0.000
16 2.826 0.571
17 0.000 0 .000
18 0 . 000 0 .000
19 0.000 0.000
20 0.180 0.630
21 0.022 0.048
22 0.016 0.150
23 0.000 0.040
24 1.138 2.655
25 0.043 0.732
26 0.128 1.118
27 1.956 2.105
28 13.457 12.182
29 8.696 0.874
30 0.633 2.205
31 0.000 0.022
32 0.318 0.632
33 0.257 0 .330
34 0.000 0.000
35 0.196 0.401
36 0.411 1.460
37 0.110 0.626
38 0.114 1.527
39 0.000 0.064
40 0.000 0.000
41 0.135 1.542
42 0.000 0.000
43 0.025 0.046
44 0.016 0.002
45 0.048 0.091
46 0.291 3 .141
47 0.021 0 .003
48 0.051 0.465
49 0.854 0.912
50 0.568 0.79b
51 0.100 0.583
52 1.439 1.718
53 0.069 0.327
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TABLE 54 (Continued)
Month Observed Simulated
54 0.000 0.563
55 0.211 0.188
56 0.076 0.325
57 1.490 1.171
58 0 .890 0.883
59 0.000 0.000
60 0.060 0.338
61 0.001 0.052
62 0.024 1.154
63 0.009 0.040
64 0.000 0.000
65 0.000 0.000
66 0.094 0.184
67 0 .788 0.083
68 0.249 0.033
69 0.000 0.000
70 0.024 0.132
71 1.574 3 .588
72 0.185 0.918
73 0.135 1.451
74 0.050 1.944
75 0.092 0.963
76 0.000 0.009
77 3 .594 0.582
78 3 .934 7.929
79 0.219 0.077
80 0.917 0.808
81 0.000 0.000
82 0.000 0.000
83 0.001 0.480
84 0.000 0.044
APPENDIX H
SUMMARY OF STATISTICAL ANALYSES MADE ON LINEAR REGRESSION 
BETWEEN SIMULATED AND OBSERVED VALUES 
(CREAMS NUTRIENT SUBMODEL)
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TABLE 55
SUMMARY OF STATISTICAL ANALYSIS MADE ON LINEAR REGRESSION BETWEEN OBSERVED 
AND SIMULATED MONTHLY NITROGEN LOSS OF SUBSURFACE DRAINED PLOT,
ALL DATA INCLUDED (CREAMS MODEL)
(All data included)
Analysis of Variance
Source
Model 
Error 
C Total
Conclusion:
DF
1
80
81
Sum of 
Squares
16.15411
38.91376
55.06787
Mean
Square
16.15411
0.48642
F Value 
33.210
Prob>F
0.0001
If Pr, F<0.05 conclude that a significant linear
relationship between simulated monthly nitrogen loss and 
observed monthly nitrogen loss does exist.
If Pr, F>0.05 conclude that there is no significant linear 
relationship between simulated monthly nitrogen loss and 
observed monthly nitrogen loss.
Parameter Estimates
Variable DF
INTERCEP
OBSERVED
1
1
Parameter
Estimate
0.249307
0.416927
Standard
Error
0 .08124926
0 .07234784
T for HO: 
Parameter=0
3 .068 
5.763
Prob > IT|
0 .0 0 29
0.0001
Conclusion: If Pr, t>0.05 conclude H0
t-test for H„: Bi = 1 vs. H.: Bi ^ 1
M _ bi"P i -  0 . 4 2 - 1 . 0  _ , q
" -STE^ T ~ ---- 17707----  "
tdf=so,a=o.o5 - 2.887
Conclusion: If |t*| < t conclude Hc: = 1
If 11* | > t conclude HA: f}j * 1
TABLE 56
AN OUTLIER TEST ON MONTHLY NITROGEN LOSS (kg/ha) 
SUBSURFACE DRAINED PLOT (CREAMS model)
Month Observed Simulated Leverage
1
2 • • • • • a • • a a • a a a a
3 0.000 0.000 0.0136
4 0.000 0.000 0.0136
5 0.060 0.015 0.0131
6 1.643 4.274 0.0300
7 0.231 0.032 0.0124
8 0.007 0.032 0 .0135
9 0.000 0.035 0.0136
10 0.000 0.000 0.0136
11 0.000 0.000 0.0136
12 0.021 0.212 0 . 0134
13 0.061 0.081 0.0131
14 0.208 0.353 0.0124
15 0.000 0.000 0.0136
16 1.194 0.190 0.0197
17 0.002 0.000 0.0136
18 0.000 0.000 0.0136
19 0.000 0.000 0.0136
20 0.167 0.608 0.0126
21 0.024 0.034 0.0134
22 0.005 0.039 0.0135
23 0.000 0.032 0.0136
24 0.879 4.536 0.0151
25 0.010 0.321 0.0135
26 0.041 0.279 0.0133
27 0.174 0.157 0.0126
28 8.932 2.682 0.8033
29 2.105 0.546 0.0551
30 0.872 1.710 0.0150
31 0.000 0.011 0.0136
32 0.212 0.502 0 .0124
33 0.316 0.199 0.0122
34 0.000 0.000 0.0136
35 0.036 0.199 0.0133
36 0.047 0.330 0.0132
37 0.000 0.000 0.0136
38 0.011 0.267 0.0135
39 0.000 0.036 0.0136
40 0.000 0.000 0.0136
41 0.287 1.501 0.0122
42 0.000 0.000 0.0136
43 0.043 0.045 0.0133
44 0.026 0.002 0.0134
45 0.023 0.051 0.0134
46 0.471 0.551 0.0123
47 0.002 0.000 0.0136
48 0.036 0.048 0.0133
49 0.762 0.285 0.0140
50 0.281 0.153 0.0123
51 0.084 0.261 0.0130
52 1.119 1.689 0.0184
53 0.008 0.328 0.0135
TABLE 56 (Continued)
Month Observed Simulated Leverage
54 0.010 0.564 0.0135
55 0 .872 0.188 0.0150
56 0.055 0.190 0.0132
57 1.385 0.558 0.0236
58 0.486 0.551 0.0124
59 0.000 0.000 0.0136
60 0.022 0.113 0.0134
61 0.000 0.000 0.0136
62 0.011 0.528 0.0135
63 0.010 0.000 0.0135
64 0.000 0.000 0.0136
65 0.000 0.000 0.0136
66 0.010 0.183 0.0135
67 0.408 0.083 0.0122
68 0.042 0.033 0 . 0133
69 0.000 0.000 0.0136
70 0.000 0.042 0.0136
71 0.994 1.423 0.0166
72 0.077 0.250 0.0130
73 0.046 0.534 0.0132
74 0 .099 0.447 0.0129
75 0.022 0.254 0.0134
76 0.000 0.000 0.0136
77 1.433 0.510 0.0246
78 1.995 2.676 0.0410
79 0.000 0.000 0.0136
80 0.939 0.484 0.0158
81 0.000 0.000 0.0136
82 0.000 0.000 0.0136
83 0.010 0.439 0.0135
84 0.000 0.000 0.0136
Leverage values > 2p/n are considered outlying cases, 
where p is the number of regression parameter.
2p/n = 2X2/82 = 0.0488
Data for the months 28 and 29 are outliers.
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TABLE 57
SUMMARY OF STATISTICAL ANALYSIS MADE ON LINEAR REGRESSION BETWEEN OBSERVED
AND SIMULATED MONTHLY NITROGEN LOSS OF SUBSURFACE DRAINED PLOT,
EXCLUDING THE MONTHS OF APRIL AND MAY 1983 (CREAMS MODEL)
Analvsis of Variance
Sum of Mean
Source DF Squares Square F Value Prob>F
Model 1 23.01660 23 .01660 67.133 0.0001
Error 78 26.74242 0.34285
C Total 79 49 .75901
Conclusion: If Pr, F<0.05 conclude that a significant linear
relationship between simulated monthly nitrogen loss and 
observed monthly nitrogen loss does exist.
If Pr, F>0.05 conclude that there is no significant linear 
relationship between simulated monthly nitrogen loss and 
observed monthly nitrogen loss.
Parameter Estimates
Variable DF
Parameter
Estimate
Standard
Error
T for HO: 
Parameter=0 Prob > |TI
INTERCEP
OBSERVED
1
1
0.085097
1.237631
0.07401427
0.15105095
1.150
8.193
0.2538
0.0001
Conclusion: If Pr, t>0.05 conclude H0
t-test for H„: B, = 1 vs ■ H.: B. ^ 1
.24 - 1.0
U .15----- =  1.6
d^f=78,0=0.05 — 2 . 8 87
Conclusion: If |t'| < t conclude H0: (ij = 1
If 11* | > t conclude HA: ^ 1
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TABLE 58
SUMMARY OF STATISTICAL ANALYSIS MADE ON LINEAR REGRESSION BETWEEN OBSERVED
AND SIMULATED MONTHLY NITROGEN LOSS OF NON-SUBSURFACE DRAINED PLOT,ALL
DATA INCLUDED (CREAMS MODEL)
Analysis of Variance
Sum of Mean
Source DF Squares Square F Value Prob>F
Model 1 139.74868 139.74868 103 .391 0.0001
Error 80 108.13237 1.35165
C Total 81 247.88105
Conclusion: If Pr, F<0.05 conclude that a significant linear
relationship between simulated monthly nitrogen loss and 
observed monthly nitrogen loss does exist.
If Pr, F>0.05 conclude that there is no significant linear 
relationship between simulated monthly nitrogen loss and 
observed monthly nitrogen loss.
Parameter Estimates
Variable DF
Parameter
Estimate
Standard
Error
T for HO: 
Parameter=0 Prob > IT|
INTERCEP
OBSERVED
0.403650
0.705015
0.13586264 
0.06933578
2.971
10.168
0.0039
0.0001
Conclusion: If Pr, t>0.05 conclude H0
t-test for H„: . Bi = 1 vs. H.: Bi & 1
tdf=80,a=0.05 — 2. 887
Conclusion: If |t*| < t conclude Hc: Pj = 1
If 11*| > t conclude HA: 1
194
TABLE 59
AN OUTLIER TEST ON MONTHLY NITROGEN LOSS (kg/ha) OF 
NON-SUBSURFACE DRAINED PLOT (CREAMS model)
Month Observed Simulated Leverage
1
2 • • • • • ......... .........
3 0.000 0.000 0 .0137
4 0.000 0 .000 0.0137
5 0.088 0.015 0.0133
6 2.167 4.970 0 .0205
7 0.367 0 .049 0.0125
8 0.003 0.032 0 .0136
9 0.000 0.035 0.0137
10 0.000 0.000 0.0137
11 0.000 0.000 0.0137
12 0.482 0.907 0.0123
13 0.258 0 .730 0.0127
14 0.459 1.482 0 .0123
15 0.000 0.000 0 .0137
16 2.826 0.571 0.0292
17 0.000 0 .000 0.0137
18 0.000 0.000 0.0137
19 0.000 0.000 0.0137
20 0.180 0.630 0.0130
21 0.022 0 .048 0.0136
22 0.016 0 .150 0.0136
23 0.000 0.040 0.0137
24 1.138 2.655 0.0131
25 0.043 0.732 0.0135
26 0.128 1.118 0.0131
27 1.956 2.105 0.0183
28 13.457 12.182 0.5964
29 8.696 0.874 0.2430
30 0.633 2.205 0.0122
31 0.000 0.022 0.0137
32 0.318 0.632 0.0126
33 0.257 0.330 0.0127
34 0.000 0.000 0.0137
35 0.196 0.401 0.0129
36 0.411 1.460 0.0124
37 0.110 0.626 0.0132
38 0.114 1.527 0.0132
39 0.000 0.064 0.0137
40 0.000 0.000 0.0137
41 0.135 1.542 0 .0131
42 0.000 0.000 0.0137
43 0.025 0.046 0.0135
44 0.016 0.002 0.0136
45 0.048 0.091 0 .0134
46 0.291 3.141 0.0126
47 0.021 0.003 0.0136
48 0.051 0.465 0 .0134
49 0.854 0.912 0.0124
50 0.568 0.796 0.0122
51 0.100 0.583 0.0132
52 1.439 1.718 0.0145
53 0.069 0.327 0.0134
TA
BL
E 
59 
(C
on
ti
nu
ed
)
ino>
0 i 0) i
O' (ft cn CO O ' r - in 10 r - r - CO CO O ' in CO ( ft rH CO O ' 03 CO CO in O ' O ' O ' O '
co 03 cn 03 CO CO CO CO CO CO CO CO 03 03 CO CO in 03 CO CO CO CO CO o 03 03 co CO CO CO
rH i—1 rH rH rH rH rH rH rH rH rH rH rH rH rH rH rH rH rH rH rH rH tH in rH rH rH rH rH rH
O O O O O O O O O O O O O O O O O O O O O O o o o O O O O O O■ 
0
■ 
0
0
.
0
. ■ 0
0
. o
,
0
, o
,
0
. ' 0
0
.
0
.
0
. ' 0
0
, ' 0
0
. ' 0 ' 0 ' 0
0
. ' 0
0
. ' 0
0
.
0
.
0
.
0
.
0
. ' 0
TJ I a) i4J 1 CO00 in rH COo CO03 Tjl O o o r jt COCOO 03 CO00 rH COa \ 03 (ft O' COo o o1 10 CO03 O' COo COin in o o 00 00 COO CO00 rH in ID o 00 03 O' o o o 00
rH i ini . rH COrH COo COo rH O o o rH O O O rH in a \ Tji o \ o \ o m <ft o 00 o o o
i 1 o O o rH o o o o rH o o o O O O O O co o rH rH © o o O' o o o o o o
•H IW I
'd i o rH IDo o o o rH <3 (ft O o 00 (ft O in in O 03 © © O' © © rH Oo rH O' (ft cn o 10 O 03 O o o ( ft 00 O 03 O' 00 CO in ( ft O (ft CO rH rH © O © O
o CNo 00 o o O O O o o o O' 03 o O in rH H o O © in (ft 03 (ft © © © ©
0. 0, 0. 1.
■ 0 ■ 0 0. 0. 0.
■ 0 0. 0.
■ 0 0. 0. 0. 0. i. 0. 0.
■ 0 0. 0. 3 
.
3 
.
0. 0. 0. 0.
• 0 0.
£ i
aj i • ^ in v o r ^ o o C T io H o j n ^ m i D r 'O o o i o r H C M n ^ j ' i n v D r ' O O C T i O r H C N r o ^ j '  
C i inininifi ininiDvovo(x>v£>voiov0V0n>r~r~t^t^c^t^r^r^r~r^ooooeoooco
oi
0
w
id
u
D) .
C M
•H 0)
>1 J->
rH a) oi
■U S u
3 id ai
0 In **h
Id rH
T3 f t  -Ua) p
U C  0a> 0
T) •H 0
■H tn M01 oi id
c 0
0 M cn
u tJl CN
0
a>
M C
<0 UH 0
0
c CO 00
s in oo cn
a  0
CN f l o w
§  • £ !
A 3 0  4Ja a
01 II 0
a> 0  g
p J3 CN
rH 4-> 00 0
Id \  -C
> 01 CN 4J
•H X
0 CN ^
cn a  o
id II HH
0ai 14 C Id
> 0  "-s +J
a) £  a  id
P 3  CN P
196
TABLE 60
SUMMARY OF STATISTICAL ANALYSIS MADE ON LINEAR REGRESSION BETWEEN OBSERVED
AND SIMULATED MONTHLY NITROGEN LOSS OF NON-SUBSURFACE DRAINED PLOT,
EXCLUDING THE MONTHS OF APRIL AND MAY 1983 (CREAMS MODEL)
Analysis of Variance
Sum of Mean
Source DF Squares Square F Value Prob>F
Model 1 53.58352 53.58352 64.888 0.0001
Error 78 64.41110 0.82578
C Total 79 117.99462
Conclusion: If Pr, F<0.05 conclude that a significant linear
relationship between simulated monthly nitrogen loss and 
observed monthly nitrogen loss does exist.
If Pr, F>0.05 conclude that there is no significant linear 
relationship between simulated monthly nitrogen loss and 
observed monthly nitrogen loss.
Parameter Estimates
Variable DF
INTERCEP
OBSERVED
Parameter
Estimate
0.306081
1.072559
Standard
Error
0.11350475
0.13314922
Conclusion: If Pr, t>0.05 conclude H0
t-test for H„: Bi = 1 vs. H,
T for HO: 
Parameter=0
2.697
8.055
B, *  1
Prob > |TI
0.0086
0.0001
tdf=78,<*=0.05 = 2 .887
Conclusion: If 11*| < t conclude H0: px = 1
If 11* | > t conclude HA: px * 1
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Legend: A = 1 obs, B = 2 obs, etc. 
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Figure 37. Residual Plot of the Relationship Between 
Observed and Simulated Monthly Nitrogen 
Loss of Subsurface Drained Plot, All Data 
Included (CREAMS Model).
All Data Included.
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Legend: A = 1 obs, B = 2 obs, etc.
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Figure 38. Residual Plot of the Relationship Between
Observed and Simulated Monthly Nitrogen Loss 
of Subsurface Drained Plot, Excluding the 
Months of April and May, 1983 (CREAMS Model).
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Legend: A = 1 obs, B = 2 obs, etc. 
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Residual Plot of the Relationship Between
Observed and Simulated Monthly Nitrogen Loss 
of Non-Subsurface Drained Plot, All Data 
Included (CREAMS Model).
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Legend: A = 1 obs, B = 2 obs, etc.
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Residual Plot of the Relationship Between
Observed and Simulated Monthly Nitrogen Loss 
of Non-Subsurface Drained Plot, Excluding the 
Months of April and May, 1983 (CREAMS Model).
APPENDIX I
MONTHLY VALUES OF DRAINMOD-CREAMS (MODIFICATION ON EROSION 
SUBMODEL INPUT PARAMETERS) SIMULATED AND OBSERVED DATA
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TABLE 61
OBSERVED AND SIMULATED MONTHLY SEDIMENT LOSS (kg/ha) OF 
SUBSURFACE DRAINED PLOT OBTAINED BY VARYING 
VALUE OF K (DRAINMOD-CREAMS model)
Simulated
>nth Observed K=0.44 K=0.63
1 
CN 
1 
1 
CO 
1 
1 
* 
1 
1 
O 
1 
1 
II 
1 
1 
 ^
1 
1 1
1 0.0 0.0 0.0 0.0
2 3.6 1111.5 1259 .7 1185.6
3 0.3 0.0 0.0 0.0
4 0.0 0.0 0.0 0.0
5 26.9 0 . 0 0.0 24.7
6 360.3 123 .5 172 .9 197.6
7 11.6 24.7 24.7 24.7
8 0.5 24.7 24.7 24.7
9 0.0 24.7 24.7 24.7
10 0.0 0.0 0.0 0 . 0
11 0.0 0.0 0.0 0.0
12 9.4 148.2 222 .3 197 .6
13 30.0 24.7 24.7 24.7
14 252.9 469.3 419 .9 395.2
15 0.0 0.0 0.0 0.0
16 675.9 49.4 49.4 49.4
17 6.4 0 . 0 0.0 0.0
18 0.0 0.0 0.0 0.0
19 0.0 0.0 0.0 0.0
20 77.7 271.7 296.4 321.1
21 13.5 24.7 24.7 24.7
22 2.9 24.7 49 .4 49.4
23 0.0 24.7 24.7 24.7
24 1428.3 2593.5 2395.9 2124.2
25 57 .6 296.4 395.2 469.3
26 162.2 370.5 321.1 296.4
27 11.3 172.9 148.2 148.2
28 244.7 1580.8 1803 .1 1852.5
29 604.6 592.8 592.8 568.1
30 462.0 172.9 197 .6 247.0
31 0.0 0.0 24.7 24.7
32 934.7 543 .4 642.2 741.0
33 276.4 247 .0 222.3 222.3
34 0.0 0.0 0.0 0.0
35 9.3 197.6 172.9 172.9
36 505.9 395.2 345.8 321.1
37 0.0 0.0 0.0 0.0
38 338.3 296.4 296.4 296.4
39 0.0 24.7 24.7 24.7
40 0.0 0.0 0.0 0.0
41 57 .4 123 .5 98.8 123.5
42 0.0 0.0 0.0 0.0
43 33.0 24.7 24.7 24.7
44 51.6 0.0 0.0 0.0
45 123 .6 24.7 24.7 24.7
46 769.6 543 .4 469.3 419.9
47 16.9 0.0 0.0 0.0
48 104.3 24.7 24.7 24.7
49 806.6 321.1 321.1 296.4
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TABLE 61 (Continued)
Simulated
Month Observed
111 
^
1 
^
1 
•
1 o
 
1 
II 
1 
! K=0.63
1 1
* 
1 
II 
1 
O 
1 
• 
1 
00 
1 
to 
1
50 218.5 123 .5 148.2 148.2
51 207.3 247 .0 321.1 296.4
52 666.7 642.2 691.6 617.5
53 2.9 0.0 0.0 0.0
54 3.4 49 .4 49.4 74.1
55 1279.0 148.2 172.9 222.3
56 411.9 49 .4 49.4 74.1
57 623.1 444.6 494.0 494.0
58 757.0 494.0 592.8 592.8
59 0.0 0.0 0.0 0.0
60 185.7 98.8 98.8 123.5
61 0.0 0.0 0.0 0.0
62 1107.5 889 .2 889.2 790.4
63 56.2 0.0 0.0 0.0
64 0.0 0.0 0.0 0.0
65 0.0 0.0 0.0 0.0
66 18.3 49.4 49.4 74.1
67 608.0 49.4 74.1 98.8
68 98.4 24.7 24.7 49.4
69 0.0 0.0 0.0 0.0
70 0.0 24.7 24.7 24.7
71 1406.8 2148.9 2321.8 2173.6
72 279.0 222.3 222.3 247.0
73 598.8 469.3 617.5 741.0
74 606.5 345.8 444.6 543.4
75 102.9 321.1 271.7 271.7
76 0.0 0.0 0.0 0.0
77 629.6 74.1 98.8 123.5
78 617.1 222.3 271.7 345.8
79 0.0 0.0 0.0 0.0
80 1264.0 469.3 469.3 543.4
81 0.0 0.0 0.0 0.0
82 0.0 0.0 0.0 0.0
83 7.5 790.4 691.6 592.8
84 0.0 0.0 0.0 0.0
APPENDIX J
THE RAINFALL AMOUNT AND CALCULATED STORM El AT BEN HUR
RESEARCH FARM, LOUISIANA
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TABLE 62
THE RAINFALL AMOUNT (in.) AND CALCULATED STORM 
El (100 ft-tons-in/acre-hr) FOR THE MONTH OF APRIL 
TO AUGUST, 1981 TO 1989 AT BEN HUR RESEARCH FARM, Louisiana
Rain Storm El
2.38 21.23
0.52 4.01
1.59 27 .10
1.08 7 .20
1.77 21.70
0.86 7 .07
1.75 51.96
0.77 4.31
0.25 1.05
0.86 4.48
0.77 3 .22
1.29 14.83
0.52 4.84
1.06 17 .62
2.68 9.42
4.20 159.00
4.25 69.73
3.28 113 .90
2.00 25.53
1.30 5.72
3.63 84.59
1.20 23.27
2.65 113 .68
1.60 24.03
0.90 3 .99
7.93 183 .78
0.50 2.78
1.05 21.30
0.58 6.63
0.30 1.81
1.73 20.87
1.32 33 .06
0.46 4.09
0.57 6.30
0.42 1.45
0.34 2.00
2.73 51.44
0.96 8.67
0.71 1.56
1.10 15.08
2.87 100.50
0.28 0.80
0.25 0.36
1.35 31.02
0.88 16.63
2.50 23.34
0.56 4.65
1.65 47.46
0.85 3.09
0.90 8.84
1.90 67.41
1.45 39.11
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TABLE 62
Rain
0.93 
0 .80 
0.53 
0.75
1.21 
0.87
1.26
1.29
2.55 
1.10 
0.52 
0.97
1.39 
0.14 
0.35 
0.92
1.73 
0.90 
0.45 
0.52 
0.90 
2.06 
0.43 
0.45
1.00
2.31
2.95
1.54 
0.64 
0.71
1.12
1.50 
0.47 
1.02 
0.69 
0.35 
0 . 6 8
1.40
4.06 
0.65 
0.50 
2.10
1.72 
0.70 
3 .74 
0.70 
0.45 
9.83 
0.70
1.10
1.00 
0.65 
0.58 
1.92
1.45
2.50 
0.65
(Continued)
Storm El
14.82 
12.80 
3 .78
11.81
21.24
6.07
28.50 
14.01 
57 .64
3 .24 
5.67 
14.28 
23 .37 
0.12
2.55
15.88
56.38
9.40
2.54
4.39 
7 .57
75.36
2.29
2.50
16.00
41.96
93.58
36.55
0.83
5.70
8.80
20 .08
4.71
14.91
3.82
18.89 
3 .17
24.63 
108.44
4.29
2.79
69.21
22.07 
10 .66 
63 .51
10.25
2.28
330.63
6.08
5.28
14.23 
3 .94 
6 . 6 6  
23 .64
12.64 
67 .73
7 .93
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TABLE 63
THE RAINFALL AMOUNT (in.) AND CALCULATED STORM 
El (100-ft-ton-in/acre-hr) FOR THE MONTH OF SEPTEMBER 
TO MARCH, 1981 TO 1989 AT BEN HUR RESEARCH FARM, Louisiana
Rain Storm El
2.37 7 .49
1.17 1.75
0.88 6.28
3.76 21.13
2.38 39.38
1.06 1.40
0.89 7.30
1.07 5.81
1.40 4.00
0.82 2.70
1.77 6.28
2.10 12.63
2.15 8.64
1.36 20.61
2.20 16.37
6.90 129.00
0.75 2.69
3.55 31.97
2.60 8.08
2.46 4.64
0.67 5.80
1.58 23.97
1.46 11.80
0.90 1.84
0.75 2.86
1.22 5.59
1.10 27.79
1.12 9.37
2.25 60.06
1.28 17.35
0.70 2.11
1.10 20.54
1.55 26.00
2.11 12.50
0.63 0.47
0.80 1.08
1.05 8.80
1.62 32.36
0.74 4.24
1.56 23.46
0.92 14.00
1.00 12.13
0.80 11.40
1.50 14.92
2.06 41.17
0.36 2.63
1.37 14.38
0.95 9.77
0.45 4.23
0.83 12.26
1.15 3.22
0.37 1.96
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TABLE 63 (Continued)
Rain
1.35
1.85 
0 .80 
1.00
2.43 
0.35
1.55
1.47
1.55
1.00 
1.15
2.34 
1.60
1.12
5.02
2.49
1.40 
0.50 
3.75 
0.31 
0.75
1.36
1.32
1.28 
0.82
5.00
1.65 
3 .00 
1.60
1.40 
0.70
2.07
1.55 
0.53 
3 .39
1.85 
0.35 
0.50
1.48
1.28 
0.78
2.52 
0.60
2.11
1.61
3.60 
0.58 
0 . 68
1.03
4.60 
0.61
1.05
1.09
5.66
1.55
1.00 
0.62
Storm El
15.52 
14.33
7.21 
1.95 
4.13
1.50
9.73
5.32
42.89
18.81 
20.31
30.77
17.37
18.66
15.48
6.21
1.54 
0.25
86.46
2.32
10.38
11.00
5.77
11.93
3.62
282.73
52.39 
8.97
16.77 
0.91
1.44
4.29
13.41
0.70
26.95
1.40
0.71
0.94
12.52 
7 .74
1.51
17.46
5.80
32.98 
40 .32
108.65 
0.56
1.26 
13.62
132.62 
3 .07 
0.84
14.93 
52.30
8.91 
3 .61
1.47
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TABLE 63 (Continued)
Rain
0.45
0.80
1.51 
0.37
1.48 
0.70 
0.75 
0.46
2.04
2.40 
0.40
1.39 
0.72
1.98 
0.42
1.25 
0.52
1.45
2.62 
0.73
1.54 
2.53 
3.00
1.45
2.35 
0.70 
0.70
1.41 
0.80
1.25
1.70 
0.50 
0.58
1.25
1.52
Storm El
1.00 
3 .33
10.64
1.25 
5.87 
3 .65
11.56
1.48
60.02
48.95 
2.69
9.55 
3 .83
28.41 
2.17
8.26 
3 .07 
3 .46
42 .34 
7 .89
38.32 
7 .62
77.79 
3 .88 
23 .11
4.27 
7 .75 
33.68
4.08
6.72
11.52
1.53
1.37
5.21
8.29
APPENDIX K
SUMMARY OF STATISTICAL ANALYSES MADE ON LINEAR REGRESSION 
BETWEEN In RAIN AND In STORM El AT BEN HUR RESEARCH FARM,
LOUISIANA
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TABLE 64
SUMMARY OF STATISTICAL ANALYSIS MADE ON LINEAR REGRESSION BETWEEN In RAIN 
AND In STORM El, THE MONTH OF APRIL TO AUGUST, BEN HUR RESEARCH
FARM, LOUISIANA
Analysis of Variance
Sum of Mean
Source DF Squares Square F Value Prob>F
Model 1 170.40351 170.40351 470.884 0.0001
Error 107 38.72119 0.36188
C Total 108 209.12469
Conclusion: If Pr, F< 0.0 5 conelude that a significant linear
relationship between In rain and In storm El does exist. 
If Pr, F>0.05 conclude that there is no significant linear 
relationship between In rain and In storm El.
Parameter Estimates
Variable DF
Parameter
Estimate
Standard
Error
T for HO: 
Parameter=0 Prob > |T|
INTERCEP
LRAIN
1
1
2.365346
1.677521
0 .05772428 
0.07730564
40.977
21.700
0.0001 
0.0001
Conclusion: If Pr, t>0.05 conclude H0
TABLE 65
SUMMARY OF STATISTICAL ANALYSES MADE ON LINEAR REGRESSION BETWEEN In RAIN 
AND In STORM El, THE MONTH OF SEPTEMBER TO MARCH, BEN HUR RESEARCH
FARM, LOUISIANA
Analysis of Variance
Source
Model 
Error 
C Total
Conclusion:
INTERCEP
LRAIN
1
1
DF
1
142
143
Sum of 
Squares
128.84934
111.94287
240.79221
Mean
Square
128.84934
0.78833
F Value 
163.446
Prob>F
0.0001
If Pr, F<0.05 conclude that a significant linear
relationship between In rain and In storm El does exist. 
If Pr, F>0.05 conclude that there is no significant linear 
relationship between In rain and In storm El.
Parameter Estimates
Variable DF
Parameter
Estimate
1.733495
1.500899
Standard
Error
0.07769844
0.11739902
T for HO: 
Parameter=0
22.311
12.785
Prob > |TI
0.0001
0.0001
Conclusion: If Pr, t>0.05 conclude H0
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Legend: A = 1 obs, B = 2 obs, etc.
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Figure 41. Residual Plot of the Relationship Between In Rain
and In Storm El for the Month of April to August, 
Ben Hur Research Farm, Louisiana.
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Legend: A
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Figure 42. Residual Plot of the Relationship Between In Rain 
and In Storm El for the Month of September to 
March, Ben Hur Research Farm, Louisiana.
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APPENDIX L
MONTHLY VALUES OF STORM El FOR BEN HUR RESEARCH FARM,
LOUISIANA
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TABLE 66
MONTHLY VALUES OF STORM El FOR BEN HUR RESEARCH FARM 
CALCULATED BY DRAINMOD-CREAMS MODEL AND MODIFIED
EQUATION
Storm El (100-ft-tons-in/acre-hr) 
calculated by
Month DRAINMOD-CREAMS
MODIFIED
EQUATION
1 10.77 3.11
2 80.16 61.66
3 13 .73 9.82
4 6.26 7 .85
5 37 .13 53 .46
6 74.26 105.62
7 41.69 54.69
8 13 .21 16.78
9 21.72 15.66
10 7 .44 5.40
11 9.19 6.63
12 38.12 27 .35
13 20 .88 15.02
14 52.29 37 .29
15 15.44 11.14
16 38.14 53 .61
17 9 .83 12.35
18 23 .14 29.50
19 5.05 5.42
20 67 .97 103.63
21 25.80 18.48
22 28.28 20.29
23 26.36 18.92
24 194.99 138.01
25 32.85 23 .54
26 43 .92 31.42
27 33 .03 23.68
28 91.85 141.18
29 73 .10 109.45
30 82.59 119.51
31 19.77 25.26
32 144.91 244.03
33 53 .67 38.33
34 6.60 4.75
35 35.75 25.60
36 50.04 35.79
37 18.25 13 .14
38 52.44 37 .53
39 10.76 7 .73
40 8.57 10.90
41 38.30 54.71
42 23 .33 30.46
43 15.79 21.37
44 26.58 32.40
45 22.49 16.16
46 73 .40 52.47
47 12.91 9.30
48 25.94 18.58
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TABLE 66 (Continued)
Storm El (ft-tons-in/acre-hr) calculated by
MODIFIED
Month DRAINMOD-CREAMS DRAINMOD-'
49 38.22 27 .32
50 34.59 24.80
51 37 .00 26.49
52 48.73 74.57
53 19.02 25.52
54 28.05 40.76
55 66.03 99 .91
56 50.78 75.02
57 76.59 54.70
58 7 6.57 54.71
59 5.67 4.11
60 41.02 29.28
61 7 .90 5.72
62 65.17 46.23
63 17 .97 12.90
64 14.64 18.50
65 21.94 30.46
66 38.72 51.80
67 38.26 53 .28
68 29 .72 40.32
69 7 .59 5.48
70 28.36 20.34
71 144.32 102.46
72 55.02 39.28
73 69.27 49.52
74 58.84 42.17
75 46.33 33 .07
76 4.89 5.79
77 55.68 78.06
78 112.57 162.98
79 27 .58 34.11
80 102.55 152.26
81 7 .09 5.14
82 7 .05 5.06
83 58.40 41.38
84 15.73 11.29
APPENDIX M
MONTHLY VALUES OF DRAINMOD-CREAMS (MODIFIED STORM El 
CALCULATION) SIMULATED AND OBSERVED DATA
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TABLE 67
OBSERVED AND SIMULATED MONTHLY SEDIMENT LOSS (kg/ha) OF 
SUBSURFACE DRAINED PLOT (Modified Storm El calculation)
Month Observed Simulated
1 0.0 0.0
2 3.6 1136.2
3 0.3 0.0
4 0.0 0.0
5 26.9 24.7
6 360.3 222.3
7 11.6 24.7
8 0.5 24.7
9 0.0 24.7
10 0.0 0.0
11 0.0 0.0
12 9.4 148.2
13 30.0 24.7
14 252.9 469.3
15 0.0 0.0
16 675.9 49.4
17 6.4 0.0
18 0.0 0.0
19 0.0 0.0
20 177 .7 370.5
21 13 .5 24.7
22 2.8 24.7
23 0.0 24.7
24 1428.3 2593.5
25 57 .6 296.4
26 162.2 370.5
27 11.3 172.9
28 2445.7 1704.3
29 604.6 543 .4
30 462.0 296.4
31 0.0 24.7
32 934.7 913 .9
33 27 6.4 247 .0
34 0.0 0.0
35 9.3 197 .6
36 505.9 395.2
37 0.0 0.0
38 338.3 321.1
39 0.0 24.7
40 0.0 0.0
41 57 .4 123 .5
42 0.0 0.0
43 33 .0 24.7
44 51.6 0.0
45 123 .6 24.7
46 769.6 518.7
47 16.9 0.0
48 104.3 24.7
49 806.6 321.1
50 218.5 123.5
51 207.3 247.0
52 666.7 543.4
53 2.9 0.0
54 3.4 74.1
219
TABLE 67 (Continued)
Month Observed Simulated
55 1278.8 271.7
56 412.0 74.1
57 623 .1 469.3
58 757 .0 518.7
59 0.0 0.0
60 185.7 98.8
61 0.0 0.0
62 1107 .5 889.2
63 56.2 0.0
64 0.0 0.0
65 0.0 0.0
66 18.3 74.1
67 608.0 98 .8
68 98.4 49 .4
69 0.0 0.0
70 0.0 24.7
71 1406.8 2148.9
72 279 .0 222 .3
73 598.8 469.3
74 606.5 345.8
75 102.9 321.1
76 0.0 0.0
77 629.6 123.5
78 617 .1 370.5
79 0.0 0.0
80 1264.0 592.8
81 0.0 0.0
82 0.0 0.0
83 7.5 790.4
84 0.0 0.0
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TABLE 68
OBSERVED AND SIMULATED MONTHLY SEDIMENT LOSS (kg/ha) OF 
NON-SUBSURFACE DRAINED PLOT (Modified Storm El calculation)
Month Observed Simulated
1 0.0 0.0
2 8.6 1580 .8
3 0.6 0.0
4 0.0 0.0
5 40.6 0.0
6 418.9 24.7
7 19.5 247.0
8 0.1 49.4
9 0.0 24.7
10 0.0 0.0
11 0.0 0.0
12 104.3 370.5
13 131.5 222.3
14 573.0 790.4
15 0.0 0.0
16 785.7 172.9
17 0.0 0.0
18 0.0 0.0
19 0.0 0.0
20 71.5 370.5
21 9.9 24.7
22 7.0 98.8
23 0.0 24.7
24 2003.9 3087.5
25 186.4 543 .4
26 446.2 839.8
27 186.4 592 .8
28 2666.8 2766.4
29 956.6 691.6
30 820.9 321.1
31 0.0 24.7
32 698.0 988.0
33 386.8 370.5
34 0.0 0.0
35 236.8 345.8
36 613 .4 790.4
37 55.3 197 .6
38 1536.3 815.1
39 0.0 24.7
40 0.0 0.0
41 14.3 123 .5
42 0.0 0.0
43 22.5 24.7
44 54.5 0.0
45 155.1 24.7
46 935.2 839.8
47 22.4 0.0
48 172.7 197 .6
49 1502.4 642.2
50 900.8 395.2
51 423 .1 345.8
52 1237 .1 543 .4
53 29.5 0.0
54 0.0 74.1
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TABLE 68 (Continued)
Month Observed Simulated
55 1140.4 271.7
56 515.8 123 .5
57 915.7 666.9
58 2940.6 642.2
59 0.0 0.0
60 407 .2 345.8
61 9.4 24.7
62 1408.5 1185.6
63 55.7 24.7
64 0.0 0.0
65 0.0 0.0
66 151.5 74.1
67 839.9 98.8
68 362.6 49.4
69 0.0 0.0
70 17 .5 24.7
71 1971.3 2815.8
72 743 .7 691.6
73 976.3 1037.4
74 1867 .4 864.5
75 414.5 666.9
76 0.0 24.7
77 1074.3 148.2
78 694.7 469 .3
79 127 .9 24.7
80 3464.3 765.7
81 0.0 0.0
82 0.0 0.0
83 32.7 839.8
84 0.0 24.7
APPENDIX N
SUMMARY OF STATISTICAL ANALYSES MADE ON LINEAR REGRESSION 
BETWEEN SIMULATED AND OBSERVED VALUES (DRAINMOD-CREAMS 
MODEL, MODIFIED El CALCULATION)
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TABLE 69
SUMMARY OF STATISTICAL ANALYSIS MADE ON LINEAR REGRESSION BETWEEN 
OBSERVED AND SIMULATED MONTHLY SEDIMENT LOSS OF SUBSURFACE DRAINED
PLOT (MODIFIED El CALCULATION)
Analysis of Variance
Source
Model 
Error 
C Total
Conclusion:
DF
Sum of 
Squares
Mean
Square
1 7395977.4932 7395977.4932
82 9100180.65 110977.8128
83 16496158.143
F Value 
66.644
Prob>F
0.0001
If Pr, F<0.05 conclude that a significant linear
relationship between simulated monthly sediment loss and 
observed monthly sediment loss does exist.
If Pr, F>0.05 conclude that there is no significant linear 
relationship between simulated monthly sediment loss and 
observed monthly sediment loss.
Parameter Estimates
Variable DF
INTERCEP 1 
OBSERVED 1
Conclusion:
Parameter
Estimate
50.523259
0.812321
Standard
Error
43 .53413010 
0.09950570
T for HO: 
Parameter=0
1.161
8.164
If Pr, t>0.05 conclude H0 
t-test for H„: Bi = 1 vs. H»: Bi ^ 1
Prob > ITI
0.2492
0.0001
* - « _  •kl Pi- _  0 . 8 1 - 1 . 0  _  _  1 Q
■ ■STEJ ~  0TTT5  "
tdf=82,0=0.05 - 2 . 8 8 7
Conclusion: If |t‘| < t conclude H0: px = 1
If 11* | > t conclude HA: ^ 1
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TABLE 7 0
SUMMARY OF STATISTICAL ANALYSIS MADE ON LINEAR REGRESSION BETWEEN 
OBSERVED AND SIMULATED MONTHLY SEDIMENT LOSS OF NON-SUBSURFACE DRAINED
PLOT (MODIFIED El CALCULATION)
Analysis of Variance
Source
Model 
Error 
C Total
DF
Sum of 
Squares
Mean
Square
1 13466474.611 13466474.611
82 16394351.387 199931.11447
83 29860825.998
F Value 
67 .356
Profc»F
0.0001
Conclusion: If Pr, F<0.05 conclude that a significant linear
relationship between simulated monthly sediment loss and 
observed monthly sediment loss does exist.
If Pr, F>0.05 conclude that there is no significant linear 
relationship between simulated monthly sediment loss and 
observed monthly sediment loss.
Parameter Estimates
Variable DF
INTERCEP
OBSERVED
1
1
Parameter
Estimate
116.308827
0.563891
Standard
Error
58.09695086
0.06870812
T for HO: 
Parameter=0
2 . 0 0 2
8.207
Conclusion: If Pr, t>0.05 conclude H0
t-test for H„: Bi = 1 vs. H,: Bi ^ 1
Prob > | TI
0.0486
0.0001
_ 0.56-1.0 -
“ 'STBJT " -----&7TT7-----
td £ = 8 2 ,o = 0 .0 5  - 2 . 8 87 
Conclusion: If |t*| < t conclude H0: = 1
If 11*| > t conclude HA: Pt ^ 1
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Legend: A = 1 obs, B = 2 obs, etc.
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Figure 43. Residual Plot of the Relationship Between Observed 
and Simulated Monthly Sediment Loss of Subsurface 
Drained Plot, Modified El Calculation.
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Legend: A = 1 obs, B = 2 obs, etc. 
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Figure 44. Residual Plot of the Relationship Between Observed
and Simulated Monthly Sediment Loss of Non-
Subsurface Drained Plot, Modified El Calculation.
APPENDIX O
THE SOURCE CODE OF THE MODIFIED CREAMS NUTRIENT SUBMODEL
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C Nitrogen cycle
SUBROUTINE NUT208(NEWNT,RON, ROP, SEDN,SEDP,DRAIN,PUN,NL,
1 BNL,TOTRON,TOTROP,TOTSDN,TOTSDP,TOTDRN,TOTNL,
1 RN,TOTDNI,UP,MN,AMN,ARN,N03,POR,DNI)
INTEGER SDATE,DAYS,PRED,DF,DATEF,OPT,DEMERG,DHRVST,DP,BASFLG 
REAL N03,INFIL,NL,MN,fw 
COMMON/PASS/PAS(40),IFAP(IO)
COMMON /PNUT/ DM,SOLN,SOLP,SOILN,SOILP,EXKN,EXKP,AN,BN,AP,BP,FC, 
1 POTM,YP,AWU,PWU,DMY,NF,RCN,RZMAX,INFIL,OPT,DF(20),FN(20),
1 FP(20),FA(20),DEMERG,DHRVST,DOM,SD,PU,Cl,C2,C3,C4
COMMON /NUT1/ AN03,COLP,SC,DK,DB,ADNI,PRED
COMMON /PRCP/ SDATE,RNFALL,RUNOFF, SED,ENRICH,DP,PERC,ATP,AWC,
1 ACCPEV,POTPEV,ACCSEV,POTSEV
DATA PFU,PPUN,SG,PSG,BASPUN,BASFLG/5*0.0,1/
LYEAR =3 65
IF(MOD((SDATE/1000),4) .EQ.O) LYEAR=366 
MDATE =MOD(SDATE,1000)
IF(NEWNT.EQ.O) GO TO 10 
NEWNT =0
POTMB =POTM
ID =1
IF(NF.GT.O) DATEF=DF(ID)
IF(NF.LE.0) DATEF=1000000 
RZC =RZMAX*FC
EX = (RZMAX-300.)/10 .
10 CONTINUE
IF(POTPEV.GT.0.0) TR=ACC PEV/POTPEV
RN =RCN*RNFALL*0.01
ARN =ARN+RN
RON =0.0
ROP =0.0
SEDN =0.0
SEDP =0.0
NL =0.0
DNI =0.0
UP =0.0
DAYS =MDATE-PRED
IF(DAYS.LT.0) DAYS=DAYS+LYEAR
PRED =MDATE
IGROW =0
IF(DEMERG.LT.DHRVST) GO TO 20
IF(MDATE.GT.DHRVST.AND.MDATE.LT.DEMERG) GO TO 30
IF(POTPEV.LE.0.0) GO TO 30
IF(BASFLG.GT.0) POTM=POTMB
BASFLG =0
SG =SG+ACCPEV
PSG =PSG+POTPEV
IF(MDATE.GT.DEMERG) IGROW=MDATE-DEMERG 
IF(MDATE.LT.DEMERG) IGROW=LYEAR-DEMERG+MDATE 
GO TO 40 
20 CONTINUE
IF(MDATE.GT.DHRVST.OR.MDATE.LT.DEMERG) GO TO 30 
IF(POTPEV.LE.0.0) GO TO 30 
IF(BASFLG.GT.0) POTM=POTMB 
BASFLG =0 
SG =SG+ACCPEV
PSG =PSG+POTPEV
IGROW =MDATE-DEMERG
GO TO 40 
30 CONTINUE
SG =0.0
PSG =0.0
on
 
o 
o 
no
n
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IF(OPT.EQ.2.OR.BASFLG.GT.0) GO TO 40 
BASFLG =1 
BASPUN =PUN
40 CONTINUE
Modified by Abdul Saleh, June 1992 
if average volumetric water content greater than 
field capacity, then calculate denitrification 
if (awe .gt. fc) then 
temperature adjusted rate constant 
DKT = EXP(0.0693*ATP+DB) 
water function
fw =({(awc/por)-0.62)/0.38)**1.74 
Denitrification 
rzmax is the root depth in mm
DNI = (N03 *fw*DKT*DP*100000.0)/(awc*rzmax) 
endif
C End of Modification 
70 CONTINUE
FL =PERC/(PERC+RZC)
NL =FL*N03
DRAIN =DRAIN+PERC
FLB = (DRAIN/(DRAIN+10.0*FC))**EX
80 CONTINUE
FERT =0.0
IF(DATEF.GT.SDATE) GO TO 90 
SOLN =SOLN+(FN(ID)*FA(ID))
SOLP =SOLP+(FP(ID)*FA(ID))
FERT =FN(ID)*(1.0-FA(ID))
ID =ID+1
IF(ID.GT.NF) DATEF=1000000 
IF(ID.LE.NF) DATEF=DF(ID)
IFAP(1) = 1
90 CONTINUE
EVAPN =N03*ACCSEV/(AWC*RZMAX)
IF(N03.LT.EVAPN) EVAPN=N03 
N03 =N03-EVAPN
SOLN =SOLN+EVAPN
IF(SED.LE.0.0) GO TO 100 
ERN =AN*SED**BN
SEDN =SOILN*SED*ERN
ERP =AP*SED**BP
SEDP =SOILP*SED*ERP
100 CONTINUE
TOTPOR =10.0*POR
EFRAIN =RNFALL-TOTPOR
IF(EFRAIN.LT.0.0) EFRAIN=0.0 
EFI =EFRAIN-RUNOFF
COEFF =0.00001/POR
CZERON =SOLN* COEFF
CZEROP =SOLP*COEFF
CHECKN =RCN*1.OE-O 6
CHECKP =COLP*COEFF
EXKN1 =0.25
EXKP1 =0.25
EXKN2 =EXKN
EXKP2 =EXKP
XKFN1 =EXKN1/TOTPOR
XKFN2 =EXKN2/TOTPOR
XKFP1 =EXKP1/TOTPOR
XKFP2 =EXKP2/TOTPOR
CFINN =CHECKN+(CZERON-CHECKN)*EXP(-XKFN1*EFI-XKFN2*RUN0FF)
CFINP =CHECKP+(CZEROP-CHECKP)*EXP(-XKFPl*EFI-XKFP2*RUNOFF)
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SOLN =CFINN/COEFF
SOLP =CFINP/COEFF
IF(EFRAIN.LE.0.0) GO TO 110
RON =((CZERON-CHECKN)*EXP(-XKFN1*EFI)-(CZERON-CHECKN)*
1 EXP(-XKFNl*EFI-XKFN2*RUNOFF))/COEFF+
1 RN*RUNOFF/EFRAIN
ROP =((CZEROP-CHECKP)*EXP(-XKFP1*EFI)-(CZEROP-CHECKP)*
1 EXP{-XKFPl*EFI-XKFP2*RUNOFF))/COEFF+
1 CHECKP*XKFP2 *RUNOFF/COEFF
DWN = ((CZERON-CHECKN)*(1.0-EXP(-XKFN1*EFI))/COEFF)+
1 RN*EFI/EFRAIN
GO TO 120 
110 CONTINUE
RON =0.0
ROP =0.0
DWN =0.0
SOLN =SOLN+RN
120 CONTINUE
TA =273.+ATP
TK =EXP(15.807-6350./TA)
WK =AWC/FC
MN = POTM*WK*(1.-EXP(-TK*FLOAT(DAYS)))
POTM =POTM-MN
AMN =AMN+MN
UP =0.0
IF(IGROW.LE.0) GO TO 170
IF(OPT.EQ.2) GO TO 140
SGRT =SG/PWU
FDM =SG/AWU
A =C1*FDM**C2
B =C3*FDM**C4
CNP =AMIN1(A,B)
DM =Y P * SGRT * DMY
PUN =CNP*DM
PUN =PUN+ BAS PUN
IF(PPUN.GT.PUN) PUN=P
UP =PUN-PPUN
GO TO 170 
140 CONTINUE
T =FLOAT(IGROW)
X = (T-DOM)/SD
XX =X
IF(X.GE.0.0) GO TO 150 
X =-X
150 CONTINUE
S =1.0+0.196854*X+0.115194*X**2+0.000344*X**3+0.01957*X**4
FU =1.0-S**(-4)/2.0
IF(XX.LT.O.O) FU=1.0-FU 
UP =PU*TR*(FU-PFU)
IF(UP.GE.0.0) GO TO 160 
UP =0.0
160 CONTINUE
PFU =FU
DM =DMY*YP*SG/PSG
17 0 CONTINUE
N03 =N03+MN+DWN+FERT
AN03 =AN03+MN+DWN+FERT
DIFF =NL+DNI+UP
if (diff .le. 0) then 
diff = 0.0001 
endif
IF(DIFF.LE.N03) GO TO 180
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180
190
200
NL =NLi*N03 /DIFF
DNI =DNI*N03/DIFF
UP =UP*N03/DIFF
CONTINUE
IF(OPT.EQ.2) GO TO 190
PUN =PPUN+UP
PPUN =PUN
GO TO 200
CONTINUE
PUN =PUN+UP
CONTINUE
N03 =N03-NL-DNI-UP
IF(N03.LT.0.0) NO3=0.0 
AN03 =AN03-DNI-UP
TOTNL =TOTNL+NL
TOTRON =TOTRON+RON
TOTROP =TOTROP+ROP
TOTSDN =TOTSDN+SEDN
TOTSDP =TOTSDP+SEDP
TOTDRN =TOTDRN+ PERC
TOTDNI =TOTDNI+DNI
RETURN 
END
APPENDIX P
MONTHLY VALUES OF MODIFIED DRAINMOD-CREAMS MODEL (NUTRIENT 
SUBMODEL) SIMULATED AND OBSERVED DATA
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TABLE 71
OBSERVED AND SIMULATED MONTHLY NITROGEN LOSS (kg/ha) OF
SUBSURFACE DRAINED PLOT (modified DRAINMOD-CREAMS model)
Month Observed Simulated
1
2
3 0.000 0 .000
4 0.000 0.000
5 0.060 0.014
6 1.643 4.241
7 0.231 0.032
8 0.007 0.032
9 0.000 0.035
10 0.000 0.000
11 0.000 0.000
12 0.021 0.177
13 0.061 0 . 066
14 0.208 0.330
15 0.000 0 . 000
16 1.194 0.146
17 0.002 0.000
18 0.000 0.000
19 0.000 0.000
20 0.167 0.470
21 0.024 0 . 031
22 0.005 0 . 034
23 0.000 0.030
24 0.879 1.491
25 0.010 0.315
26 0.041 0.268
27 0.174 0.145
28 8.932 2.115
29 2.105 0.490
30 0.872 1.696
31 0.000 0 .006
32 0.212 0 .496
33 0.316 0.191
34 0.000 0.000
35 0.036 0.167
36 0.047 0.294
37 0.000 0.000
38 0.011 0.248
39 0.000 0.032
40 0.000 0.000
41 0.287 1.495
42 0.000 0.000
43 0.043 0.045
44 0.026 0.002
45 0.023 0.036
46 0.471 0.417
47 0.002 0.000
48 0.036 0.056
49 0.762 0 .277
50 0.281 0.144
51 0.084 0.232
52 1.119 1.571
53 0.008 0.327
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TABLE 71 (Continued)
Month Observed Simulated
54 0.010 0.561
55 0 .872 0.188
56 0.055 0.110
57 1.385 0.401
58 0 .486 0.505
59 0.000 0.000
60 0.022 0.107
61 0.000 0.000
62 0.011 0.515
63 0.010 0.000
64 0.000 0.000
65 0.000 0.000
66 0.010 0.183
67 0.408 0.082
68 0.042 0.033
69 0.000 0.000
70 0.000 0.034
71 0.994 1.278
72 0.077 0 .238
73 0.046 0.511
74 0.099 0.398
75 0.022 0.231
76 0.000 0.000
77 1.433 0.488
78 1.995 2.602
79 0.000 0.000
80 0.939 0.455
81 0.000 0.000
82 0.000 0.000
83 0.010 0.430
84 0.000 0.000
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TABLE 72
OBSERVED AND SIMULATED MONTHLY NITROGEN LOSS (kg/ha) OF
NON-SUBSURFACE DRAINED PLOT (modified DRAINMOD-CREAMS model)
Month Observed Simulated
1
2 • • • • • .........
3 0.000 0.000
4 0.000 0.000
5 0.088 0.014
6 2.167 4.833
7 0.3 67 0 .048
8 0 .003 0.032
9 0.000 0.035
10 0.000 0.000
11 0.000 0 .000
12 0.482 0 .439
13 0.258 0 .281
14 0.459 0.811
15 0.000 0.000
16 2.826 0.465
17 0.000 0.000
18 0.000 0.000
19 0.000 0.000
20 0.180 0.459
21 0 .022 0 .032
22 0.016 0.081
23 0.000 0.030
24 1.138 2.149
25 0.043 0.614
26 0.128 0.831
27 1.956 1.708
28 13.457 8.312
29 8.696 0.596
30 0.633 2.133
31 0.000 0.010
32 0.318 0.617
33 0.257 0.295
34 0.000 0.000
35 0.196 0.279
36 0.411 0.778
37 0.110 0.346
38 0.114 0.874
39 0.000 0.035
40 0.000 0.000
41 0.135 1.535
42 0.000 0.000
43 0.025 0.046
44 0.016 0.002
45 0.048 0.037
46 0.291 0.886
47 0.021 0.000
48 0.051 0.223
49 0.854 0.641
50 0.568 0.511
51 0.100 0.344
52 1.439 1.566
53 0.069 0.326
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TABLE 72 (Continued)
Month Observed Simulated
54 0 .000 0 .561
55 0.211 0.188
56 0.076 0.176
57 1.490 0.604
58 0 .890 0.663
59 0 .000 0.000
60 0 .060 0.285
61 0.001 0.018
62 0.024 0.888
63 0.009 0.031
64 0.000 0.000
65 0.000 0.000
66 0.094 0.060
67 0.788 0.082
68 0.249 0.033
69 0.000 0.000
70 0.024 0.065
71 1.574 1.731
72 0.185 0.599
73 0.135 1.080
74 0.050 1.039
75 0.092 0.584
76 0.000 0.004
77 3 .594 0.526
78 3 .934 7 .630
79 0.219 0.066
80 0.917 0.658
81 0.000 0.000
82 0.000 0.000
83 0.001 0.445
84 0.000 0.032
APPENDIX Q
SUMMARY OF STATISTICAL ANALYSES MADE ON LINEAR REGRESSION 
BETWEEN SIMULATED AND OBSERVED VALUES (MODIFIED 
DRAINMOD-CREAMS, NUTRIENT SUBMODEL)
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TABLE 73
SUMMARY OF STATISTICAL ANALYSES MADE ON LINEAR REGRESSION BETWEEN 
OBSERVED AND SIMULATED MONTHLY NITROGEN LOSS OF SUBSURFACE DRAINED PLOT, 
ALL DATA INCLUDED (MODIFIED DRAINMOD-CREAMS MODEL)
Analysis of Variance
Sum of Mean
Source DF Squares Square F Value Prob>F
Model 1 10 .84773 10.84773 35.365 0.0001
Error 80 24.53867 0.30673
C Total 81 35.38639
Conclusion: If Pr, F<0.05 conclude that a significant linear
relationship between simulated monthly nitrogen loss 
and observed monthly nitrogen loss does exist.
If Pr, F>0.05 conclude that there is no significant 
linear relationship between simulated monthly 
nitrogen loss and observed monthly nitrogen loss.
Parameter Estimates
Variable DF
Parameter
Estimate
Standard
Error
T for HO: 
Parameter=0 Prob > IT|
INTERCEP
OBSERVED
1
1
0.213655 
0 .341655
0.06451985
0.05745125
3 .311 
5.947
0 . 0014 
0.0001
Conclusion: If Pr, t>0.05 conclude H0
t-test for H„: Bi = 1 vs. H.: Bi * 1
_ bi"Pi _ 0.34-1.0 = _1n n 
" '31b,T  ~  tOT5  '
tdf=8o,a=o.o5 — 2.887
Conclusion: If |t'[ < t conclude H0: Px = 1
If 11* | > t conclude HA: pt ^ 1
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TABLE 74
SUMMARY OF STATISTICAL ANALYSIS MADE ON LINEAR REGRESSION BETWEEN 
OBSERVED AND SIMULATED MONTHLY NITROGEN LOSS OF SUBSURFACE DRAINED PLOT, 
EXCLUDING THE MONTHS OF APRIL AND MAY, 1983 (MODIFIED 
DRAINMOD-CREAMS MODEL)
Analysis of Variance
Source
Model 
Error 
C Total
DF
1
78
79
Sum of 
Squares
16.99623
15.15612
32.15235
Mean
Square
16.99623
0.19431
F Value 
87.47 0
Prob>F 
0 .0001
Conclusion: If Pr, F<0.05 conclude that a significant linear
relationship between simulated monthly nitrogen loss 
and observed monthly nitrogen loss does exist.
If Pr, F>0.05 conclude that there is no significant 
linear relationship between simulated monthly 
nitrogen loss and observed monthly nitrogen loss.
Parameter Estimates
Variable DF
INTERCEP
OBSERVED
1
1
Parameter
Estimate
0.068549
1.063523
Standard T for HO: 
Error Parameter=0
0.05571974
0.11371483
Conclusion: If Pr, t>0.05 conclude H0
t-test for H„: Bi = 1 vs. H»
1.230
9.353
Bi *  i
Prob > ITI
0.2223
0.0001
_ bi-Pi _ 1.06-1.0 _ n q 
“ Hib,) "  OTTT  "
tdf=78,a=o.o5 - 2.887
Conclusion: If |t*| < t conclude Hc: Pj = 1
If 11* | > t conclude HA: Pi ^ 1
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TABLE 75
SUMMARY OF STATISTICAL ANALYSIS MADE ON LINEAR REGRESSION BETWEEN
OBSERVED AND SIMULATED MONTHLY NITROGEN LOSS OF NON-SUBSURFACE DRAINED
PLOT, ALL DATA INCLUDED (MODIFIED DRAINMOD-CREAMS MODEL) SUBMODEL
Analysis of Variance
Sum of Mean
Source DF Squares Square F Value Prob>F
Model 1 75.46221 75.46221 79.964 0.0001
Error 80 75.49664 0.94371
C Total 81 150.95885
Conclusion: If Pr, F<0.05 conclude that a significant linear
relationship between simulated monthly nitrogen loss 
and observed monthly nitrogen loss does exist.
If Pr, F>0.05 conclude that there is no significant 
linear relationship between simulated monthly 
nitrogen loss and observed monthly nitrogen loss.
Parameter Estimates
Variable DF
INTERCEP
OBSERVED
1
1
Parameter
Estimate
0 .293493 
0.518071
Standard
Error
0.11352356
0.05793531
T for HO: 
Parameter=0
2.585
8.942
Prob > IT |
0 .0115 
0.0001
Conclusion: If Pr, t>0.05 conclude H0
t-test for H„: Bi = 1 vs. H,: Bi *  1
. _ hi-Pi _ 0.52 - 1.0 _t* = ■ O F =  - 8 . 0
tdf=80,a=0.05 = 2.887
Conclusion: If |t*| < t conclude Ha: Pj = 1
If 11*| > t conclude HA: Pj ^ 1
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TABLE 76 *
SUMMARY OF STATISTICAL ANALYSIS MADE ON LINEAR REGRESSION BETWEEN 
OBSERVED AND SIMULATED MONTHLY NITROGEN LOSS OF NON-SUBSURFACE DRAINED 
PLOT, EXCLUDING THE MONTHS OF APRIL AND MAY, 1983 (MODIFIED
DRAINMOD-CREAMS MODEL)
Analysis of Variance
Source
Model 
Error 
C Total
Conclusion:
Sum of 
DF Squares
1 44.22688
78 46.91219
79 91.13907
Mean
Square
44.22688
0.60144
F Value
73 .535
Prob>F
0.0001
If Pr, F<0.05 conclude that a significant linear
relationship between simulated monthly nitrogen loss 
and observed monthly nitrogen loss does exist.
If Pr, F>0.05 conclude that there is no significant 
linear relationship between simulated monthly 
nitrogen loss and observed monthly nitrogen loss.
Parameter Estimates
Variable DF
INTERCEP
OBSERVED
Parameter
Estimate
0.159489
0.974426
Standard
Error
0.09686715
0.11363212
T for HO: 
Parameter=0
1.646
8.575
Prob > |TI
0.1037
0.0001
Conclusion: If Pr, t>0.05 conclude H0
t-test for H„: B. = 1 vs. H,: B, ^ 1
_ 0.97 - 1.0 _ n , 
" "S(b[)' '  — o m —  "
hdf=78,n=o.o5 - 2.887 
Conclusion: If |t*| < t conclude Hc: Px = 1
If 11* | > t conclude HA: Pj ^ 1
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Legend: A = 1 obs, B = 2 obs, etc.
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Residual Plot of the Relationship Between
Observed and Simulated Monthly Nitrogen Loss 
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(Modified DRAINMOD-CREAMS Model).
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Legend: A = 1 obs, B = 2 obs, etc.
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Figure 46. Residual Plot of the Relationship Between
Observed and Simulated Monthly Nitrogen Loss 
of Non-Subsurface Drained Plot, Excluding the 
Months of April and May, 1983 (Modified 
DRAINMOD-CREAMS Model).
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Legend: A = 1 obs, B = 2 obs, etc, 
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Figure 47. Residual Plot of the Relationship Between
Observed and Simulated Monthly Nitrogen Loss 
Non-Subsurface Drained Plot, All Data Included 
(Modified DRAINMOD-CREAMS Model).
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Legend: A = 1 obs, B = 2 obs, etc.
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Figure 48. Residual Plot of the Relationship Between
Observed and Simulated Monthly Nitrogen Loss 
of Non-Subsurface Drained Plot, Excluding the 
Months of April and May, 1983 (Modified 
DRAINMOD-CREAMS Model).
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